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PREFACE 


This book is designed to be used quite as much in the la- 
boratory or with specimens in hand, as in the class-room. If 
Zoology is to be studied as a mental discipline, or even if the 
student desires simply to get at a genuine knowledge, at first 
hand, of the structure of the leading types of animal life, 
he must examine living animals, watch their movements and 
habits, and finally dissect them, as well as study their mode 
of growth before and after leaving the egg or the parent, as 
the case may be. But the young student in a few weeks* 
study in the laboratory cannot learn all the principles of the 
science. Hence, he needs a teacher, a guide, or at least a 
manual of instruction. This work is an expansion of a 
course of lectures for college students, but has been pre- 
pared to suit the wants of the general reader who would ob- 
tain some idea of the principles of the science as generally 
accepted by advanced zoologists, in order that he may under- 
stand the philosophical discussions and writings relating to 
modem doctrines of biology, especially the law of evolution 
and the relations between animals and their surroundings. 

The book has been prepared, so far as possible, on the in- 
ductive method. The student is presented first with the 
fliots ; is led to a thorough study of a few typical forms, 
taught to compare these with others, and finally led to the 
principles or inducti<ma growing out of the facts. He has 
not been asaaOed with a number of definitions or diagnoses 
applicable to the entire group to which the iype may belong 
befom he has learned something abont the animals typical 
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of the order or class ; but these are placed otter a description 
of one or a few examples of the group to which they may 
belong. The simplest, most elementary forms are first nofi 
tioed, beginning with the Protozoa and ending with the Ver- 
tebrates. In working up from the simplest forms to those 
more complex, it is l>elieved that this is the more logical and 
philosophical method, and that in this way the beginner in the 
science can better appreciate the gradual unfolding of the lines 
of animal foitns which converge toward his own species, the 
flower and synthesis of organic life. Still the learner is ad- 
vised to begin his work by a study of the first part of Chap- 
ter Vni., on Vertebrates, and to master, with a specimen in 
hand, the description of the frog, in order that he may have 
a standard of comparison, a point of departure, from which 
to survey the lower forms. 

Particular attention has been given to the development of 
animals, as this subject has been usually neglected in such 
manuals. Some original matter is introduced into tlie book ; 
a new classification of the Crustacea is proposed, the orders 
being grouped into the subclasses Neocarida and Palwocar- 
ida. Most of the anatomical descriptions and drawings 
have been made expressly for this book, and here the author 
wishes to acknowledge the essential aid rendered by Dr. C. S. 
Minot, who has prepared the drawings and descriptions of 
the fish, frog, snake, turtle, pigeon, and cat. 

In compiling the book, the author has freely used the 
larger works of Qegenbaur, Huxley, Peters and Cams, Claus, 
Eolleston, and others, whose works are enumerated at the 
end of the volume, and in many cases he has paraphrased 
or even adopted the author’s language verbatim when it has 
suited his purpose. Besides these general works many mon- 
ographs and articles have been drawn upon. 

In order to secure a greater accuracy of statement, and to 
render the work more authoritative as a manual of Zoology, 
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the aathor has submitted the manuscript of certain chapters 
to naturalists distinguished by their special knowledge of 
^rtain groups. The manuscript of the sponges has been 
read by Professor A. Hyatt ; of the worms and Mollusca, by 
Dr. Charles S. Minot ; of the Echinoderms, by Mr. Walter 
Faxon; of the Crustacea, by Mr. J. S. Kingsley. Proofs of the 
part relating to the fishes have been revised by Professor T. 
Gill, whose classification as given in his ^^Arrangement of 
the Families of Fishes,” has been closely followed, his defin- 
itions having been adopted often word for word. The man- 
uscript of the Batrachians and Reptiles has been read by 
Professor E. D. Cope, whoso classification, given in his 

Check-List of North American Batrachia and Iteptilia,” 
has been adopted. Proofs of the part on birds have been 
read by Dr. Elliott Cones, U.S.A., whose admirable ‘^Key 
to the Birds of North America” has been freely used, the 
author’s words having been often adopted without quotation- 
marks. Dr. Cones has also revised the i)roofs of the pages re- 
ferring to the Mammals. To the friendly aid of all these 
gentlemen the author is deeply indebted. 

As to the illustrations, which have been liberally provided 
by the publishers, a fair proportion are original. The full- 
page engravings of the anatomy of the typical Vertebrates 
have been drawn expressly for this work by Dr. C. S. Minot ; 
a number have been prepared by Mr. J. S. Kingsley ; Prof. 
W. K. Brooks has kindly contributed the drawing of the 
nervous system and otocyst of the clam, and a few of the 
sketches are by the author. 

The publishers are indebted to Prof. F. V. Hayden 
for illustrations kindly loaned from the Reports of the U.S. 
Geological Survey of the Territories; a few have been 
loaned by Prof. S. F. Baird, U.S. Commissioner of Fish and 
Fisheries, and the members of the U.S. Entomological Com- 
mission ; a number have been loaned by the Peabody Acad- 
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emy 0f Science, Salem, Mass.; by £he publishers of the 
American Naturaiist, and by the Boston Society of Natural 
History, while forty of the cuts of birds have been electro-j^ 
typed from the originals of Ooues’ Key, and Tenney’s Zoology. 

Measurements are usually given in the metric system ; in 
such cases the approximate equivalent in inches and fractions 
of an inch being added in parenthesis. 

Should this manual aid in the work of education, stimu- 
late students to test the statements presented in it by person- 
al observations, and thus elicit some degree of the inde- 
pendence and self-reliance characteristic of the original in- 
vestigator, and also lead them to entertain broad views in 
biology, and to sympathize with the more advanced and 
more natural ideas now taught by the leading biologists 
of our time, the author will feel more than repaid. 

Bbowk University, 

Providence, R. L, October 25, 1879, 


PREFACE TO THE SECOND EDITION. 

A NUMBER of changes have been made since the first edi- 
tion, consisting either of the correction of errors, or the 
insertion of facts new to science since the book was written. 
Figures of the opossum and its marsupial bone have been 
inserted on p. 575, and improved illustrations have taken 
the })lace of Figs. 400 and 492. The author would be 
thankful for the communication of additional errata, and 
for suggestions from teachers tending towards the improve- 
ment of the book ; and here acknowledges, with thanks, 
kind aid from several naturalists in revising the first edition. 

July, 1880. 
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ZOOLOGY. 


INTRODUCTION. 

Ddflnition of Zoology. — That science which treats of liv- 
ing beings is called Biology {/Sioi, life ; \dyo^, discourse). 
It is divided into Botany^ which relates to plants, and Zo^ 
ology {i^doov, animal ; Xdyoi, disKJonrse), the science treating 
of animals. 

It is difficult to define what an animal is as distinguished 
from a plant, when we consider the simplest forms of either 
kingdom, for it is impossible to draw hard and fast lines in 
nature. In defining the limits between the animal and 
vegetable kingdoms, our ordinary conception of what a 
plant or an animal is will be of little use in dealing with 
the lowest forms of either kingdom. A horse, fish, or 
worm differs from an elm tree, a lily, or a fern in having 
organs of sight, of hearing, of smell, of locomotion, am? 
special organs of digestion, circulation, and respiration, but 
these plants also take in and absorb food, have a circulation 
of sap, respire through their leaves, and some plants are me- 
chanically sensitive, while others are endowed with motion 
— certain low plants such as diatoms, etc., having this 
power. In plants, the assimilation of food goes on all over 
the organism, the transfer of the sap is not confined to any 
one portion or set of organs as such. It is always easy to 
distinguish one of the higher plants from one of the higher 
animals. But when we descend to animals like the sea-ane- 
mones md coral-polyps which were called Zoophyte from 
their general resemblance to flowers, so striking is the exter- 
nal similmity between the two kinds of organisms that the 
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wAj observers regarded them as animal flowers and in 
consequence of the confused notions originally held in regard 
to them the term Zoophytes has been perpetuated in works 
on systematic zoology. Even at the present day the com- 
pound Hydroids, such as the Sertulariay are gathered and 
pressed as sea-mosses by many persons who are unobservant 
of their peculiarities, and unaware of the complicated anat- 
omy of the little animals filling the different leaf-like cells. 
Sponges until a very late day were regarded by our leading 
zoologists as plants. The most accomplished naturalists, 
however, find it impossible to separate by any definite lines 
the lowest animals and plants. So-called plants, as Bade- 
riutny and so-called animals, as ProtamcBba^ or certain mo- 
nads, which are simple specks of protoplasm, without gen- 
uine organs, may be referred to either kingdom ; and, in- 
deed, a number of naturalists, notably Haeckel, relegate 
to a neutral kingdom (the Protista) certain low- 
est plants and animals. Even the germs {zo- 
I f ‘ w ospores) of monads like Uvella (Fig. 1), and those 
( \w other flagellate infusoria, may be mistaken 
\ \M for the spores of plants ; indeed, the active fla- 
Fig.i.^Uvei. gollal^d spores of plants were described as in- 
fusoria by Ehrenberg ; and there are certain so- 
two*?ar^8* d* flagellate infusoria so much like low 

Ha plants (such as the red snow, or Protococcus), 

toafij xn4- in the form, deportment, mode of reproduc- 
nifled. appearance of the spores, that even 

now it is possible that certain organisms placed among them 
are plants. It is only by a study of the connecting links 
between these lowest organisms leading up to what are un- 
doubted animals or plants that we are enabled to refer these 


beings to their proper kingdom. 

As a i*ule, plants have no special organs of digestion or 
circulation, and nothing approaching to a nervous system. 
Most plants absorb inorganic food, such as carbonic acid 
gas, water, nitrate of ammonia, and some phosphates, silica, 
etc. ; all of these substances being taken up in minute quan- 
titles. Low fungi live on dead animal matter, and promote 
the process of putrefaction and decay, but the food of these 
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organisms is inorganio particles. The slime-moulds called 
Myxomycetes^ however, envelop the plant or low animals, 
much as an Arrmha throws itself around some living plant 
md absorbs its protoplasm ; but Myxomycetes, in their man- 
ner of taking food, are an exception to other moulds. The 
lowest animals swallow other living animals whole or in 
pieces ; certain forms like Amcsha (Fig. 2) bore into minute 

ilgse and absorb their pro- 

:oplasm ; others engulf sili- 
cious-shelled plants (diatoms) 
absorbing their protoplasm. 

No animal swallows silica, 
lime, ammonia, or any of 
the phosphates as food. On 
the other hand, plants manu- 
tacturo or produce from in- 
organic matter starch, sugar 

and nitrogenous substances which constitute the food of 
animals. During assimilation, plants absorb carbonic acid, 
and in sunlight exhale oxygen ; during growth and work 
they, like animals, consume oxygen and exhale carbonic acid. 

Animals move and have special organs of locomotion ; 
few plants move, though some climb, and minute forms 
iiave thread-like processes or vibratile lashes (cilia) resem- 
bling the flagella of monads, and flowers open and shut, but 
these motions of the higher plants are purely mechanical, 
md not performed by special organs controlled by nerves. 
The mode of reproduction of plants and animals, however, 
is fundamentally identical, and in this respect the two king- 
ioms unite more closely than in any other. Plants also, 
like animals, are formed of cells, the latter in • the higher 
forms combined into tissues. 


As the lowest plants and animals are scarcely distinguish- 
Ekble, it is probable that plants and animals first appeared 
contemporaneously ; and while plants are generally said 
bo form the basis of animal life, this is only partially true ; 
% large number of fungi are dependent on decaying animal 
matter; and most of the Protozoa live on animal food, as 
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do a large proportion of the higher animals. The two 
kingdoms supplement each other, are mutually dependent, 
and probably appeared simultaneously in the beginning of 
things. It should be observed, however, that the animal 
kingdom overtops the vegetable kingdom, culminating in 
man. 

In speaking as we have of low animals and high animals, 
we are comparing very unequal quantities; the distance be- 
tween foorntd eod man is well-nigh infinite. But there is a 
series or chain, sometimes broken and often with lost links, 
connecting the extremes ; and as there are wide differences 
in form, so there are great extremes in the organs and de- 
gree of complication of function of tlie simple as compared 
with the more complex forms. The improvised stomach of 
an Amwha is not comparable with the stomach of an hydra, 
nor is the stomach of the latter creature with that of a 
hoi*sc ; there is a gradual j>erfection and elaboration or spe- 
cialization of the stomach as we ascend in the animal series. 
So it is with organs of locomotion ; the pseudopods and cilia 
of the Protozoans are replaced in the star-fishes and worms 
by hollow tentacles or various fleshy soft appendages ; in 
crabs and insects by stiff, jointed limbs, with different lev- 
erage systems ; and these are replaced in vertebrates by 
genuine limbs supported by bones. A comparative view of 
the origin and structure of organs succeeds in this book the 
systematic account of the animals themselves. 

We thus see that the organs of the higher animals are 
merely modifications of organs often having the same 
general functions as in the lower animals ; the lower or 
simpler have preceded in geological history the higher or 
more specialized forms, and thus we are, in ascending the 
animal series, going from the simple to the complex. For 
this reason the plan of this work has been to lead the stu- 
dent from the simpler forms of animal life to the more 
complex ; and though the vertebrate animals, such as fishes 
and dogs, are more familiar and interesting to us, the seri- 
ous student of zoology will feel that it is more logical and 
better in the end to ^udy the animal world in the order in 
which the different forms have appeared — ^as we believe. 
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thraugh the orderly operations of physical and biological 
laws, under the guidance of an Infinite Intelligonce—a 
Creator whose modes of working are revealed to us in what 
we call the laws or processes of nature. 

Zoology is subdivided thus : 

/ Morphology or gross Anatomy, and minute 
i Anatomy (Histology). 

1 Physiology and Psychology. 

Zoology. < Keproduction and Embryology* 

J Systematic Zoology or Classification, 
f Palaeontology. 

{ Zoogeography. 

Morphology. — In order to properly understand Zoology, 
one should first study Morphology — i.e,y the general struc- 
ture of animals. The student should first thoroughly ac- 
quaint himself with the anatomy of a vertebrate animal, 
such as a frog, as compared with that of a toad or salamaU' 
der. The examination and comparison of the organs of 
animals belonging to distinct groups, is called Comparative 
Anatomy. The study of Morphology also includes the rela- 
tion of the different organs to one another, and of all to the 
walls of the body. Finally, we need also to study the com- 
position of the tissues of the different organs ; each kind of 
tissue being formed of different kinds of elements or cells. 
This department of Comparative Anatomy is called HiatoU 
ogy (Greek, terrd^y web or tissue ; Adyo$, discourse). It 
treats of the cell, and the combination of cells into germ- 
layers, tissues, and organs. 

Tb» Call.— The primary elements of the bodies of animals 
are called cells. They are microscopic portions of proto- 
plasm either with or without a wall. Protoplasm largely 
consists of protein, which is a complex compound of car- 
bon, hydrogen, oxygen, and nitrogen, associated with a large 
proportion of water. Cells are originally more or less 
spherical sacs, and the protoplasm forming the cell-mass is 
the dynmnic part of the cell. The protoplasm of animal as 
well as vegetable cells, the protoplasm of eggs and of the 
cells forming the different tissues of the animal body, as 
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well as the entire Amoeba or monad, is all alike, being per- 
fectly homogeneous to the chemist or microscopist of our 
day. Yet potentially the protoplasm of different cells exerts 
widely different forces and capabilities. An egg-cell be- 
comes a man, whose brain-cells are the medium of the intel- 
lectual power which enables him to write the history of 
his own species, and to be the historian of the forms of life 
which stand below him. The cell is the morphological 
unit of the organic world. With cells the biologist can 
in the imagination reconstruct the vegetable and animal 
worlds. 

The primitive form of a cell, when without a nucleus or 
nucleolus, is called a cytode ; genuine cells have a nucleus, 
the latter containing a nucleolus. Animals composed of but a 
single cell, such as the Amoeba or an Infusorian, are said to be 
unicellular. Cells grow by absorbing cell-food — i.e., by the 
assimilation of matter from ’without, and this matter maybe 
in masses of considerable size when seen under the microscope. 
Cells multiply by self-division. The egg-cell undergoes 



division of the yolk into two, four, 
eight, and afterward many cells ; the 
cells thus formed become arranged into 
two layers or sets called germ-layers. 
The outer is called the ectoderm and 
the inner the endoderm, A third germ- 
layer arises between them, called the 


Flff. 3.— Germ of So^tta. 
ec, ectodcfrm ; en. eudo(lerm; 
Imth layers formed of nu- 
cleated cells. 


mesoderm or middle germ-layer. From 
these germ -layers, or cell-layers, the 
tissues of the body are formed, such as 


muscle, bone, nerve, and glandular tissue. These tissues 


form organs, hence animals (as well as jdants) are called or- 
gaiiisms, because they have certain parts formed of a partic- 
ular kind of tissue set apart for the performance of a special 
sort of work or physiological labor. This separation of 
parts for particular or special functions is called differentia- 
tion ; and the highest animals are those whose bodies are 
most differentiated, while the lowest are those whose bodies 


are least differentiated ; hence high animals are specialized. 


and, on the other hand, low animals are simple. Thus dif- 
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ferentiation of organs involves the division of physiological 
labor. 

Tissues. — Of the different kinds of tissues there is, first, 
epithelial tissue (Fig. 4) consisting of cells with a nucleus and 
nucleolus, and placed side by side, forming a layer, All the 
organs develop originally from epithelium, which is the prim- 
itive cell-structure and forms the tissues of the germ-layers. 
Epithelial cells form the skin of animals, and also the lining 
of the digestive canal. Tlio cells of the latter may, as in 
sponges, bear a general resemblance to a flagellate infuso- 



Flg. 4,— VortlcaJ poction through the Hkln of an embryonic phark, showing at E the 
mjithelial cells, forming pavement epithelium ; ami at e, coliiraimr epithelium.— After 
Gegenbaur. 

rian, as Codosiga, or they may each bear many hairs, called 
cilia, which by their constant motion maintain currents of 
tlie fluids passing over the surface of the epithelium. The 
tissue forming glands is simply modified epithelium. 

Connective tissue is formed by isolated rounded or elon- 
gated cells with wide spaces between them filled with a ge- 
latinous fluid or protoplasm, and occurs between muscles, 
etc. This tissue forms in the vertebrates the notochord 
— i.e., a rod supporting the bodies of vertebrate embryos. 
Gelatinous tissue is a variety of connective tissue found in 
the umbrella of jelly-fishes {Aurelia, etc.). Fibrous and 
elastic tissue are also varieties of connective tissue. 

Cartilaginous tissue is characterized by cells situated in a 
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still firmer intercell alar substance ; and when the intercel- 
lular substance becomes combined with salts of lime form- 
ing bone, we have bony tissue. 

The blood-corpuscles originate from the mesoderm as 
independent cells floating in the circulating fluid, the blood- 
cells being formed contemporaneously with the walls of the 
vessels enclosing the blood. In the invertebrates the blood- 
cells are either strikingly like the Amoeba in appearance, or 
are oval, but still capable of 
changing their form. Thus blood- 
corpuscles arise like other tissues, 
blood-cells are 

free. 

Muscular tissue is also composed of cells, which are at 
first nucleated and afterward lose their nuclei. From being 
at first oval, the cells finally become elongated and more or 
less spindle-shaped, forming fibres ; these unite into bundles 
forming muscles. Each fibre is ensheathed in a membrane 
called sarcolemma. Muscular fibres may be simple or striated 
(Fig. 5). The contractility of muscles is due to the con- 
tractility of the protoplasm 
originating in tho cells forming 
the fibres. 

Nervous tissue is made up 
of nerve-cells and fibres pro- 
ceeding from tliem ; the for- 
mer constituting 'he centres 
of nervous force, and usually 
massed together, forming a 
ganglio7i or nerve-centre from 
which nerve -fibres pass to the 
periphery and extremities of o', *) proceeding from it. 

the body, and serve as conductors of nerve-force (Fig. 6). 

Organs and their Functions. — Having considered the 
different kinds of cells and the tissues they form, we may 
now consider the origin of organs and their functions. Tho 
Protamceba may be considered as an organless being. In 
Amoeba (Fig. 11) we first meet with a specialized portion of 
the body, set apart for tho performance of a special function. 
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Such is tlie nucleus ; so that Amoeba is a genuine organism. 
Ascending to the flagellate Infusoria (Fig. 1), we have the 
flagella developed as external, permanent organs of locomo- 
tion. In the Hydra (Fig. 36) the tentacles are organs 
whose functions are generalized. In the worms we have or- 
gans arranged in pairs on each side of tlio body, and in gen- 
eral among the higher invertebrates, especially tlio crusta- 
ceans and insects, and markedly in the vertebrates, we have 
tlie bilateral symmetry of the body still fartlier emphasized 
in the nature and distribution of the appendages. 

Of the internal organs of the body, the most important is 
the digestive cavity, which is at first simple and primitive in 
the gastrula or embryo of all many-colled animals, and as we 
ascend in the animal series we witness its gradual special- 
ization, the digestive tract being differentiated into dis- 
tinct portions {i.e., the oesophagus, stomach, and intestine), 
each with separate functions and with organs of respiration, 
digestion, secretion, and excretion set apart as offshoots or 
outgrowths from the main alimentary tract. In like man- 
ner the skeleton is at first simple and afterward is extended 
into the different organs, the various parts of the ap- 
pendicular skeleton corresponding to the increased floxi- 
Ijility and diversified leverage power ; so that limbs become 
subdivided into joints, and these joints still further subdi- 
vided as wc go from the points of attachment to the peri- 
phery or extremities, as seen in the tendency to an irrelative 
repetition of joints in the limbs and feelers of crustaceans 
and insects, and the digits of the lower vertebrates. 

Correlation of Organs. — Cuvier established tliis princi- 
ple, showing that there is a close relation between tlie forms 
of the hard and soft parts of the body, together with the 
functions they perform, and the habits of the animal. For 
example, in a cat, sharp teeth for eating flesh, sharp curved 
claws for seizing smaller animals, and great muscular activ- 
ity coexist with a stomach fitted for the digestion of animal 
rather than vegetable food. So in the ox, broad grinding 
teeth for triturating grass, cloven hoofs that give a broad 
support in soft ground, and a several-chambered stomach 
coexist with the habits and instincts of a ruminant. Thus 
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the form of the teeth presupposes either a niminant or carni- 
vore. Hence this prime law of comparative anatomy led to 
the establishment by Cuvier of the fundamental laws of 
palaeontology, by which the comparative anatomist is en- 
abled to restore from isolated teeth or bones the probable 
form of the original possessor. Of course the more perfect 
the series of bones and teeth, or the more complete the re- 
mains of insects or mollusks, the more perfect will be our 
knowledge, and the less room will there be for error in re- 
storing extinct animals. 

Adaptation. — An organ with a certain normal use or 
function may be adapted, in consequence of a change in the 
habits of the animal, to another use than the original one. 
To take an extreme case, the Anahas, or climbing fish, may 
use its fins to aid it in ascending trees. On the other hand, 
by disuse organs become aborted or rudimentary. The 
teeth of the whalebone whale are rudimentary in the young, 
and are replaced by whalebone, which is more useful to the 
animal ; the eyes of the blind-fish are rudimentary, fiuic- 
tionless. Those of certain cave-insects are entirely wanting, 
being lost through disuse, owing to a change of life from 
the light, outer world to totally dark caverns, and the con- 
sequent disuse of their eyes. Nature is economical. Every 
thing that is not of use as a rule disappears. It would be a 
waste of material to nourish and care for an organ in a cave- 
animal, or a parasitic insect or crustacean, which would be 
of no use to the animal. On the other hand, if the leg or 
tail of a newt is snipped off by some rapacious fish, it 
growls out again. 

Moreover, the animal organism is far more pliable than is 
generally supposed. Not only is nature continually repair- 
ing wounds and waste, not only is the body being contin- 
ually made over again, but certain animals undergo a 
change of form, either generally or in particular parts. If 
the environment is unchanged, the animal remains true to 
its species. The dogma of the invariability or stability of 
species is a fallacy. Change the climate, moisture or dryness, 
the nature of the soil ; introduce the natural enemies of the 
animal or remove them ; destroy the balance of nature, in 
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other words, and the organism changes. The plants and 
animals of the mummies and monuments of Egypt are prob- 
ably the same as those now living in that country, because 
the climate and soil have remained the same. 

The assemblages of life that liave successively peopled the 
surface of the earth, and which are geological time-marks, 
have probably become extinct because they could not adapt 
themselves to more or loss rapid oscillations of continents 
and islands, to consequent changes of cJimato and the in- 
coming of destructive types of life. This probably accounts 
for the origin, culmination, and extinction of dilferent 
tyj>e8 of life. The earth luis been, and still is, in a state of 
unstable equilibrium. Organic life ha8 been and is even 
now, in a degree, being constantly readjusted in harmony 
with these changes of the earth’s surface and climate. Thus 
this adaptation of organs to their uses, of animals to their 
environment, the laws controlling the origination of new 
forms of life and the extinction of those which have acted 
their part and are no longer of service in tlio economy of 
nature, is part of the general course of nature, and evinces 
the Infinite Wisdom and Intelligence pervading and contin- 
ually operating in tlie universe.* 

Coupled with variability is the law of inheritance and 
tran8mi.ssio7i of variable parts, and tiie habits thus induced 
by the variation of parts. It should bo observed that the 
portions which vary most are the peripheral parts — i.e,, 
fingers and toes, tentacles and antennae, the skin and scales 
and hair ; it is by modifications and differences brought 
about in those parts most used by animals that the multi- 
tudes of specific forms have resulted. There is, as Darwin 
states, a general tendency of organisms to vary ; the laws 
accounting for this tendency to vary have yet to be formu- 
lated ; though the attempts of Lamarck in this direction 
laid the way for the discovery and application of the funda- 

* Tliat animals and plants are self -evolved, that the world has made 
itself, and that all is the result of so-called physical and biological laws 
operating from within outward, is as inconceivable as the mediaeval 
dogma that animals and plants and the earth they inhabit were made 
in the twinkling of an eye. See the concluding cliapter on Evolution. 
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mental laws of evolution. On the other hand, pure Dar- 
winism — vi74,, natural selection — accounts rather for the 
preservation than the origination of the forms of life. 

Analogy and Homology. — When we study the Inverte- 
brates alone we see that it is often easy to trace a general 
identity in form between the more important parts. We 
notice that the under lip of a worm is comparable to the foot 
of a mollusk, though the functions of these parts may bo 
quite unlike ; these arc therefore examples of a general 
identity in structure or homology between two organs. A 
closer homology implies a more apparent identity of form, 
as seen in the resemblance in structure of the fore-limbs of 
a whale and a seal, or the pectoral fins of fishes and the fore- 
arms of man. 

Analogy implies a dissimilarity of structure of two organs 
with identity in use, as the wing of an insect and of a bird ; 
the leg of an insect and the leg of a frog ; the gill of a 
worm and the gill of a fish. 

Homology implies blood-relationship ; analogy repudiates 
any common origin of the organs, however physiologically 
alike. Tlie most general homologies are those existing in 
organs belonging to animals of different branches ; the most 
special between those of the same orders and minor groups. 
Thus it is fundamentally a question of near or remote con- 
sanguinity. 

Physiology treats of the mode in which organs do their 
work ; or, in other words, of the functions of different or- 
gans. Thus the Jiand grasps, the fins of a fish are its swim- 
ming organs ; the function of the nose is to smell, of the 
liver to secrete bile, of the ovary to secrete protoplasm 
which forms eggs. 

Psychology is the study of the instincts and reasoning 
powers of animals ; how they act when certain parts are 
irritated ; so that while this term is generally applied to 
man alone. Comparative Psychology deals both with the 
simplest automatic acts and the whole series of psychic pro- 
cesses — from those exercised by the Protozoans, such as 
Amoeba, up to the complicated instinctive and rational acts 
of man. 
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Beproduotioxi. — The eimplesfe form of reproduction is 
cell-division, one cell budding or separating from another* 
This mode of growth is called self-division or fission* 
Where one cell separates from another, the separating part 
being smaller than the original cell, or where a number of 
cells separate or bud out from a many-celled animal, such as 
a Hydra, the process is called gemmation* A third mode of 
reproduction is sexual, the spcrm-cell of the male coalescing 
with the nucleus of the egg ; the commingling of the pro- 
toplasm of the two nuclei resulting in a series of events 
leading to the formation of a germ or embryo. 

Embryolog^y is, strictly speaking, a study of the develop- 
ment of animals from the beginning of life of the egg up to 
the time the animal leaves the egg or the body of the parent 
— namely, up to the time when it begins to shift for itself ; 
but the term embryology may also be applied to the grow- 
ing animal from the egg to the adult (condition. Many of 
the lower animals undergo a vietamoi'pliosis, suddenly as- 
suming changes in form, accompjinied by changes in habits 
and surroundings ; so that at different times it is, so to 
speak, a different animal. For example, the eatorj)illar 
lives on solid food, crawls on the ground, and has a worm- 
likc form ; it changes to a chrysalis or pupa, lying quies- 
cent, taking no food ; then it changes to a butterfly and 
Hies in the air, either taking no food or 8i]>piug the nectar 
of flowers : in all these three stages it is virtually different 
animals with different surroundings. Many animals besides 
insects have a metamorpliosis, and tlieir young are called 
larvae ; thus there are larval jiolyps, larval star-fish, larval 
worms — these larvae often differing remarkably in form, 
liabits, and in their environment or surroundings, as com- 
pared with the mature or adult forms. 

Classification. — After thoroughly studying a single ani- 
mal, its external form, hov/ it acts when alive, its external 
and internal anatomy after death, and the development of 
other individuals of its own species, the student is then ready 
to study the classification of animals. 

The best method of studying classification, or Systematic 
Zoology, is to make an exhaustive examination of one an- 
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imal, and then to study in the same thorough manner an 
allied form, and, finally, to compare the two. For example, 
take a frog and compare it with a toad, and then with a 
newt, or a land salamander ; thus, by a study of the different 
types of Batrachians, one may arrive at a knowledge of the 
affinities of the different species of the class. The methods 
of research are, then, observation and comjmrisoyi. The 
best and most philosophic observers are those who compare 
most. Then, passing on to other animals, the student will 
place in one group animals that are alike. He will find that 
many agree in certain general characters common to all. 
Ho will thus form them into classes, and those that agree in 
less general characters into orders, and so on until those 
agreeing in still less imiiortant characteristics may be placed 
in categories or groups termed families, genera and species, 
varieties and races. For example, the cat belongs to the 
following groups : 

Kingdom of Animals ; 

Suh-Mngdom., or branch, Vertebrates ; 

Class, Mammalia ; 

Order,, Carnivora ; 

Family, FclidsB ; 

Genus, Felis ; 

Species, Felis domesticus Linnaeus ; 

Variety, A 7igorensis, 

But these different groups are insufficient to represent the 
almost endless relationships and series called the System of 
Natim, which our classifications attempt to represent. 
Hence we have sub-species, sub-genera, sub-families and 
super-families, sub-orders and super-orders, and sub-classes 
and super-classes, and the different assemblages may be 
grouped into series of orders, families, etc. 

The relations of the members of these different groups 
may be represented in the same manner as the genealogi- 
cal tree of the historian, or like a tree, with its trunk 
and branches and twigs ; or on a plane by a cross-section 
through the tree, the different groups or ends of the 
branches resembling a constellation, and embodying one’s 
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idea of the complicated relations between animals of differ- 
ent groups. 

The Animal Kingdom may be divided primarily into 
two series of branches ; those for the most part composed 
of a single cell, represented by a single branch, the Proto- 
zoa^ and those whose bodies are composed of many colls 
(Metazoa), the cells arranged in three fundamental cell- 
layers — viz., the ectoderm, mesoderm, and endoderm. The 
series of Metazoa comprises the seven higher branches — Le., 
the Porifera, Omlenterata, Echinodermata, Vermes, MoL 
lusca, Arthropoda, and Vertehrata, Their approximate 
relationships may be provisionally expressed by the follow- 
ing 


Tabulab View of the Eight Bbakches of the Animal Kingdom. 
VIII. Vertehrata. 

Fishes to Man. 

VII. Arthropoda. 

Crustaceans and Insects. 


VI. Mollusca, 

(Jiums, Snails, CnttUn?. 


V. Ve)*me8. 

Flat and Round Worms, Poly aoo, 
BracUiopods, AimeUds, Tuulcateii. 


IV. Ekhinodermata, 

Criuoids, Starfish, etc. 

III. Oedenterata, 

Hydra, Jelly-fl»hc«. jj 

I 8i»oiiges. 


METAZt>A. 

Hany-celled animals, with 3 cell-layers. 
I. Protozoa. 

Single-ceiled animals. 


It shonld be understood by the student that the classifi- 
cation presented in this book is a provisional one, based on 
our present knowledge of the structure of the leading types 
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of tho animal kingdom, and may be regarded as rudely in- 
dicating the blood-relationship or pedigree of animals. It 
differs in some important respects from the classifications 
given in the hooks ordinarily in use by American students. 
It is a question whether tlie Tunicata should not form a 
ninth branch, and stand next below the Vertebrates. 

Some authors retain the four types of Cuvier, but it 
should be remembered that since Cuvier's classification was 
proposed in 1812 our knowledge has been greatly extended. 
The microscope has revealed an immense mass of new mi- 
croscopic forms, andmany facts regarding the structure and 
development of the larger forms. The embranchments of 
Cuvier are in all cases, except the Vertebrates, unwieldy, het- 
erogeneous, and, in the light of our present knowledge, un- 
natural assemblages of animals. New discoveries do away 
with old systems, and the classifications adopted by differ- 
ent authors represent the standpoint from which they re- 
gard the system of nature. It is not of so much consequence 
to the student to know what the system may be, as to learn 
the leading facts of animal morphology and development. 

PalsBontology. — With a thorough knowledge of the anat- 
omy of animals and their classification, the student is pre- 
pared to study the remains of extinct animals, to restore so 
far as possible their forms, and to classify them. With a 
knowledge of the hard parts of existing animals, and of the 
interaction of the tendons, ligaments, muscles, and bones, 
the palasontologist can, in accordance with the law of cor- 
relation of parts, refer fossils to their respective orders, 
families, genera, or species. 

Zoogeography, or geographical distribution, is the study 
of the laws of distribution of animals over the surface of 
the earth or over tlie bottom of the sea. The assemblage 
of animals inhabiting any area is called a fauna. Thus we 
have an arctic fauna, a tropical fauna, a North American 
fauna, or Australian fauna. The fauna of the ocean is sub- 
divided into different subordinate faunae. 



CHAPTER I. 

BEANCH L-~PROTOZOA. 

General Oharaoters of Protosoans. — Wo can imagine no 
more elementary forms of life than certain members of this 
branch, whoso bodies in the simplest forms are merely 
masses of albumen, without any distinct permanent organs, 
or portions set apart for the performance of any special 
function. Yet the primary acts of animal life, such as tak- 
ing food, its digestion and assimilation, and reproduction, 
are carried on as effectively by these lowest as by the high- 
est forms. The simplest Protozoans are like minute drops 
of protoplasm or albumen, having a gliding motion, and 
constantly changing their forms, throwing out temporarily 
root-like projections called 
pseudopodia, which serve to 
gather food-particles. Fig, 

7 illustrates a typical Proto- 
zoan. It is the common 
Amoeba of standing water. 

Most Protozoans are provid- 
ed with a central organ or 
nucleus, which corresponds 

to the reproductive organs of the many-celled animals. 
The Protozoa are one-celled in distinction from all other 
animals, from the sponges to man, which are many-celled, 
though it is claimed that a few shelled forms (Rhizopods) are 
composed of several indistinct cells. Thus a Protozoan cor- 
responds to an egg or to any one of the cells composing the 
bodies of higher animals. They may be naked, as in Proto- 
mmha or Ammha, or may secrete a silicious or calcareous 
shell The Infusoria, forming the highest class, are quite 
complicated, with permanent cilia, a mouth, throat, repro- 
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ductive nucleus, and several contractile vesicles, rudely an- 
ticipating the heart of higher animals. Protozoans repro- 
duce by selMivision and the formation of motile 
(zoospores), and in the Infusoria of ciliated young. There 
is thus a great range of forms leading from the most primi- 
tive type (Pmtammba) to the most specialized forms, such 
as the bell animalcule ( VorficeUa.) 

Class L — MoiirEBA (Mofiers), 

General cnkiaraoterB of Monerfl.-~Thi8 group comprises 
the simplest forms of Protozoans, whence the name Monera 
simple). The lowest forms are almost identical 
in appearance with the lowest plants, and they can only 


^ ^ S.— i¥o<arnon«# amyU^ greatly majfnifted. when encysted; x, germs or zo- 
oswtres ; y, food-maiw. B, germ freed from the parent-cyst, u, i>, older germs. E, 
aomt^.vBted food : projfection inward of the cell-wall ; x, wall of the cyst ; t, 
germs, —After Cumkowskl. 

be claimed to be animals from their resemblance tfT higher 
forms leading to Anmba, which, in turn, is connected by a 
series of forms leading to undoubted animals, such as the 
shelled Rhizopods (Pig. 14), 

The Monera differ from the Rhizopods {Ammhay etc.) in 
wanting a nucleus and contractile vesicles. Their body- 
substance is homogeneous throughout, not divided into a 
tenacious outer and softer inner mass, as in Ammha. They 
move by the contraction of the body, and the irregular pro- 
trusion of portions of the body forming either simple pro- 
cesses (pseudopodia) or a network of gelatinous thr^wis. 
Tjhe food, as some diatom, desmid, or protozoan, is swaliowed 



MOmUA, 


19 


whole, being siiTronnded and engulfed by the body, and the 
pinAoplasmio^ m then absorbed, serving for the nour- 
i^nnent and growtli of the Moner. 

Irhe Mown, and supposed to be teaUy a living 

b^ng, is It may best be described 

b j sta&ig that it is iiM but without a nucleus 

imd taouoles (or little cavities)* It reproduces by simple 
self-division, much as in Animba (Fig. 11). 

In Protomonm the body is very changeable in form, the 
ps^opods of ton being very slender, thread-like. Fig. 8, 
^ represents this Moner during the formation of the young 
(aoo^res) in the cyst-like body, or resting-stage of the 
creature ; one of these germs freed from the cyst and 
capable of moving about by the two thread-like pseudopo- 
dia; (7 JO, the Amoeba-like form which the young after- 
ward assumes, and which at maturity passes into the en- 
cysted or.resting-stage JS. 

A still better idea of what a Moner is may be seen by 
studying the Pratornym auraniiaca Haeckel. 

This Moner was discovered at the Canary Islands. It is 
from half to one millimetre in diameter, and is a perfectly 
simple mass of orange- red jelly. When hungry numerous 
root-shaped threads (pseudopodia) radiate from the central 
mass. iHg. 9, E represents the Proiomyxa after having 
absorbed into its body-mass a number of shelled Infusoria. 
When about to become encysted (-4 B) it rejects the shell 
of its victims, retracts its false feet, and soon becomes fast- 
ened as minute red balls to the surface of some dead shell. 

The ball becomes enclosed by a thick covering (A), and 
then the contents become divided into several hundred small, 
round, thoroughly structureless spheres, which become germs 
(B). The germs finally burst through the cyst- wall, as in 
0, a, Cy d, and assume various monad-like and amoeboid 
shapes, and finally attain, by simple additions of the proto- 
plasm of its food (diatoms and infusoria), the adult form 
{D E). Other Moners exist in fresh water. 

We have been dealing with the simplest living forms, be- 
ings showing no trace of organization, much lower and 
simpler than the Ammhay with its nucleus. The individual 
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Moner — ^for example, Pratanmba — is simply a speck or drop 
of transparent, often colorless, riscid fluid, scarcely of more 
consistency ti^, and in all apparent physical characters 
identical with, the white of a hen's egg. And yet this drop 
4f prntoplasin has the power erf absorbing the protoplasm of 
otiier Hving beings, and thus <rf increasing in 
grblring ; and in taking its food makes Tariocts moi^ments, 
one or more parts of its body being more movable than 



Fto, H.—Jh^tomyoea aurantktca. encysted. J?, cy*t llJIed with germe. C, germa 
(n, dj c) li»8ulijg from (he cyst. A h young Protor^xa fiwalJowing a diatom (a). 
jS*, adult after enciuaiug or swailuwiug eeveral <<hciicd infuiK>ria. — ^After Haeckel. 


others, the faculty of motion thus being for the moment 
specialized ; it has apparently the power of selecting one 
kind of food in preference to another, and, finally, of repro- 
ducing its kind by a process not only of simple self -division, 
but also of germ-production. In short, we may say of the 
Moner what Foster says of the Amoeba — viz., (1) it is con- 
trmHU ; (2) it is irriiahle and auiomaiie ; (3) it is receptive 
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and assimilative ; (4) it is meiuboKc and secretory in the 
sense thafc the Moner digests and separates the portions 
necessary for food from those which it rejects as waste ; (6) 
it is respfraHfory, the changes involved in taking food, es- 
peoiaUy oxygen, causing the production of and excretion of 
carbonm acid f ^ 

It k difBciEdt to a simpler form of life than 

Pf&tafmeba m Fratamonas. Are the Moners animals or 
plants, or do they represent a neutral division or group of 
tortos ? It was formerly thought that was the sim- 

ple^ possible form of life, but we shall see that that animal 
is an undoubted organism^ possessing a permanent organ, 
the nucleus^ Moreover, the Amoeba iritcrgrades with the 
other Rhizopods which are undoubted animals, while the 
simplest Monera have no characters which absolutely sepa* 
rate them on the one hand from the plants or on the other 
from the animals. Their relation to the plants is seen in 
the fact that, besides the resemblance to t)>e lowest plants, 
the cyst of Protomonas is composed of cellulose, while the 
granular contents of the body become colored with chlo: 
rophyll.'*' 

For these reasons, Haeckel, the discoverer of the Monera, 
regards them as neutral beings, neither plants nor animals. 
But by comparison witli other Protozoa, we shall see that 
the Monera only differ from the monads and Ammhm by the 
absence of a nucleus. This may yet bo found to occur in 
the Monera, and from this fact we separate the group only 
provisionally from the Rhizopoda, The Greyarinm also pass 
through a true Moner-stage. This indicates that the 
Monera are allied rather to animals than plants. Another 
point of difference from plants is the fact that, like the 
Amoeba, they engulf living plants (desmids, etc.) and ani- 
mals (Infusoria), the only plants known to do this being the 
singular Myxomycetes, whose position is uncertain, some 
naturalists (Allman) regarding it as an animal. 

It is probable that the Monera were the earliest beings to 

* On other hand, cellulose occurs in the integument of Tunicates, 
and variouB parts of Articulates aud Vertebrates, while chlorophyll 
occurs in the Infusoria and Hydra. » 
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appear, and that from forms resembling them all other organ- 
isms have originated. We can conceive at least of no simpler 
ancestral form; and if organized beings were originally pro- 
duced from the chemical elements which form protoplasm, 
one would be naturally led to suppose that the earliest form 
was like Protummha, It would follow from this fact that the 
Monera are as low as any plants, and that animals appeared 
contemporaneously with plants. 

Having studied a few typical forms of Monera^ we are 
prepared to briefly define the group and tabulate the sub- 
divisions of the class. 


Class I. — MONERA Haeckel. 

Beingd eonmiing of transparent protoplasm, coMaining granules, some- 
times forming a net work, hut with no nucleus* or contractile vacuole ; 
capable of automatically throwing out pseudopodia, and reproducing by 
simple skf-dirmon of tfie body-mass into two indimduals, or by division 
into a number of germ-like or sporedike yaung, which increase in size by 
absorption of the jyrotoplasm of other organisms. 

Group 1 . Qymncnnonei'a, comprising the genera Protamoeha, Protogenes, 
and Myxodictyum, which do not become encysted. 
Gi'oup2. Lepomonet*a, which become encysted and protected by a 
case, as in the genera Protomonas, Protomyxa, Vampy- 
rella, and Myxostruin. 


Class II. — Khizopoda {Root Ani'umlcules), 

Qoneral Characters of Hhizopods. — An idea of the form 
and internal structure of this group can be obtained by a 
study of Aiimba^ which may be found sliding over the sur- 
face of the leaves of plauts growing in pools or ponds of 
fresh water. Our common Ammha has been studied by 
H. J. Clark. Fig. 10 represents this animal in the three 
more usual forms which it assumes. From time to time 
the sides of its body project either in the form of simple 
bulgings, or suddenly it throws out foot-like projections 

♦ Should a nucleus be foxmd hereafter to occur in the Monera, the 
group should be merged into the Bhw^poda, and placed neit to 
Ameeba, 
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(pseudopodia) from various parts of the body, as if it 
were falling apart ; then it retracts these transparent feet 
and becomes perfectly smooth and rounded, resembling a 
drop of slimy, mucous mat- 
ter. The body-mass is di- 
vided into a clear cortical and 
a medullary, granular mass ; 
the outer highly contractile, 
the inner granular portion 
acting virtually as a stock of 
food. These granules, like kn!f Ja tto 

the grains of chlorophyll in 
vegetable cells and in dia- 

toms and desmids, circulate in regular, fixed currents, the 
arrows in the figure indicating tlie course of the circulating 
food. The act of circulation is probably assisted by a con- 
tractile vesicle (or 
vacuole) usually 
present. There is 
besides a distinct 
organ always pres- 
ent, the nucleus (see 
Fig. 11), so that the 
Amoeba earns the 
right to bo called 
an organism. Its 
food consists of one- 
celled alga^, diatoms, 
desmids, zoospores, 
and portions of fila- 
mentous algae, and it 
possesses the power 
^ of discrimination in 

™. ipharocoecm. A, before division. , . . 

B, the same In its resting sUge; a, cyst or cell-wftjl; tilklim itsfood. J he 
«, nofjy.fuatw: c, nucleus; ft, nucU'olus. T, Amceba . i i 
neerlv divided. I>, two young Amcebfle, the result of AinOiba liaS the pOW- 
dIvlsfon.^After Haeckel. ^ . 

er of moving in par- 
iiculai* directions, streicliing a millimetre in length ; it 
selects appropriate food, and can engulf or swallow, digest 
and distribute the iood thus absorbed to various portions of 
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its body. The Amoeba reproduces its kind by simple di- 
yision, as seen in Ammba sphmrococcus Haeckel (Fig. 11). 
This species, unlike others, so far as known, becomes encysted 
then breaks the cell-wall and becomes free as at A, 
iMu^dirision then b^ns as at C, the nucleus doubling it- 
self, rmtil tA Pa and have as the result two indiyid^ 

Pfdtr -^Besides A^mba, several other 

fortns, eltiber naked or shelled, produce, by division of an in- 
ner portion of the body, numbers of ciliated young, as in 
the naked Pelornym^ in certain many-chambered Fora- 

miniferay and in Collosphm- 
ra. An example may be 
seen in the European Pelo- 
myxa palvstris Greef (Fig. 
12), This creature lives in 
the mud at the bottom of 
fresh-water pools, and when 
first seen resembles little 
dark balls of mud a milli- 
metre in diameter. Instead 
of one nucleus, there are 
numbers of them, and nu- 
„ merous contractile vacuoles 

Tig- palmtris. a, clear n i. 

[•OTtical portion; h, diatornn encloA^ in tbe tlllect With, a nUld, together 

with spicules. The young 
at first auioeba-like (^, 
originating as ‘‘ shining 
bodies,” which have resulted from the self -division of the 
nuclei. These amoeba-like bodies finally assume an active, 
monad-liko stage (7, and move about by means of a oilium 
or lash. 

We now come to the shelled Amcebse, or genuine Forami- 
nifera, A common type is Ar cellar which secretes a one- 
chambered silicious shell, found in fresh water, and a 


representative of the monothalamous, or one-chambered, 
Foraminifera ; wliilo the many-chambered forms ate 
marine, of which Ghbigerina bulhidm (Fig. 13), found 
floating on the surface of the ocean, with its pseudopodia 



FORAMINIFEUA. 


25 


thrown out in all directions, is a typo ; Rotalia vcneia (Fig. 
14) is another example. 

The Foraminifera are nucleated. Diplophrys multiplies 
by a proo^ of con- 
tinuous binary fis- 
sion* MUmU gives 
rise to small round, 
sharply - defined bod- 
ies, in calcareous 
shells, with one turn, 
but no inner walls, 
and with pseudopo- 
dia like those of the 
adult. Microgromia so- 
cialis multiplies by zo- 
ospores, which are oval, 
with two flagella; or. Pig. w.-a Foraminifer. 
in other cases, the nmgni««d 70 M«»ui.i«r. 

young assume an actinophrys-like form, and move about by 
the aid of three or four more or less branched pointed pseudo- 
pods (Hertwig). 
In some forms^ 
as the fossil 

chambers are 
numerous and 
regular, the 
shells being flat 
and consisting 
of eight coils sit- 
uated in the 
same plane. A 
recent species of 
Fo r ami n i fer 
found at Borneo 
, V . ... ^ measures more 

rig. 14.— iVototta. A Rhizopod, tshowing the ptiendopodia. , , 

than two inches 

in diameter, while a common form on the Florida reefs, de- 
voured in large quantities by the HolotJmria, or sea-cucum- 
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ber, measures about one fifth of an inch in diameter. Most 
of our native species are much more minute. The ICozoon, 
so-called, is supposed by some to be a Eoraminifer, but 
others regard it as more probably inorganic, and simply a 



Fig. 15 .— OoHotphcera sjd- 
neua, with iwrojecting conical 
points, containing little sphe- 
roids, which pass into monad’ 
hko bodies 0. JP, probably an 
early stage of C. A, a young 
capsule or C. ffvideyi Mftller.— 
Alter Clcnkowski. 



Vig. l(i,-~AcHnosvh(Brium. . , 
sel m food drawn into the cortical layer 
bi d, central parenchymatous mass of 
the body ; cf. some balls of food-stuif in 
the latter: e, psendopodla d! the cortical 
layer.— Alter Qcgenbaur. 



Fig. 17.^ffeliophry$variabilis. A sun- 
animalcule, showing the psoudonods, 
nuclei, and vacuoles.— From Macalllster. 


mineral. Undoubted Foraminifera occur in the Silurian 
formation, while large masses of carboniferous and cre- 
taceous rocks are formed by their shells. 

Order 2. Radioktria, — These Rhizopods have the general 
structure of Amoebse, but secrete beautiful silicious shells, 
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of varied forms, more or loss spherical, perforated for the 
protrusion of the pseudopodia, with often spicules or points 
radiating from the shell. They reproduce apparently by 
self -division of the interior, resulting in a swarm of monad - 
like young. The Heliozoa are represented by the fresh- 
water Adinoplirys sol, which is round, with numerous stiff 
pseudopodia radiating in all directions from the body, and 
by Actinosphserium (Fig. IG). The true marine Radiolaria 
are represented by Collosphoera spinosa Cienkowski (Fig, 15). 
It possesses a perforated shell beset with small spines, which 
encloses a capsule with a protoplasmic wall. In the capsule- 
stage {A) it often divides by fission into two halves. After- 
wai*d the older capsule divides into a number of little rou^d 
bodies, which develop two lashes as in (X 


cum II.-BHIZOPO0A. 

VmeeUuktr ^ryanima consiaUnff aa awkr 

(safiical, and an inner gramda/r mau catUairdni/ eifte ttr mam nuM, md 
me or more cordrmtde memdei ; mmng by mmm of pmtdopodia^ m4 
eitker naked or mcreting a one or many>-ehmnhored (Mi ; reproducing by 
edf-diomon, or by ike production of oeverai or many ameeboid or monad- 
Uke young. 

Order 1 JPbrcM?wm7era.---One-celled Bhizopods with one or many nuclei 
and contractile vacuoles, secreting chambered calcareous or 
homy (chitinous ?), rarely arenaceous, shells. (Amoeba, 
Globigerina, Nummulina.) 

Order 2. Badiolaria . — Rhizopods with pointed, branched, usually anas- 
tomosing and granular pseudopodia. The body contains 
either numerous small heterogeneous nuclei, or a single 
larger, highly differentiated vesicular nucleus. The pro- 
toplasm of the body is further separated into a peripheral 
non nucleated and a central nucleated portion by a mem- 
branous capsule with porous walls. Reproduction occurs 
by the breaking up of the iKxiy into monad -like embryos, 
with one or sometimes two locomotive laslies (flagella). 
There are two divisions ; {\) Heliozoa (Actlnophrys, Actino- 
sphserium), and (2) RouUdaria (or Cytophora), haidng as rep- 
rcs(mtativ(is Acanthometra, Collozoiim, SpluerozoUm, aiid 
CoUosphaera. 
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Q^naarsl Ohamotera of GregadBida. — Tim largaat and 
best known species of this group is an inmate of the 
intestinal canal of the European lobster, and was named 
by E. Van Beneden Greganna gtgantea (Fig. 18). It 
is worm-like, remarkably slender, and is sixteen mil- 
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Jig 18 .— <?r^rina giffaniea A two individual'^ of natural glae JT, the same 
much entoed, n, nucleus A, the eame encysted B, aubdivlulon of the cyst C, divi- 
rton of the contentH of cyst into wnnll spheres, observed in another species N the 
spnon'sen la lift'd ilf < ysl fllled nllh j)>-riidt)iiiivitellie. <? —After liiebeikulin jS—F 
nioner-like >ouwg of giqanUa O, //, pseudofllaria stage /, J, early nucleated 
fonna of Qreganna gigamea — After van aeneden 


limetres (over half an inch) in length, being the largest 
one-colled animal known. In this organism an external, 
structureless, perfectly transparent membrane with a double 
contour can bo distinguished. It represents the cell-wall 
of the cells in the higher animals. Beneath this outer wall 
is a continuous layer of contractile substance, forming a 
tme system of muscular fibrillsB comparable to that of the 
Infusoria. The body-cavity of the Gregarina contains a 




rounded grftnutes^ among 
W}di^ ilio. mmhm loata. Tbia nuolena oontains m innof 
tedlcde.^ imolecdiia, irtiich strangely disappears and then 
xoappeiHfa. Van Beneden dietingnishes three kinds of mo- 
tions in the Gregarinsa : 1. They represent a very slow 
movement of translation, in a straight line, and without the 
possibility of distinguishing any contraction of the walls of 
the body which could be considered as the cause of the 
movement. It seems impossible to account for this kind of 
motion. 2. The next kind of movement consists in the 
lateral displacement of every part, taking place suddenly 
and often very violently, from a more or less considerable 
part of its body. Then the posterior part of the body may 
be often seen to throw itself out laterally by a brusque and 
instantaneous movement, forming an angle with the anterior 
part. 3. Owing to the contractions of the body, the gran- 
ules within the body move about. 

The life-history of this Grogarina is as follows : It occurs 
in its normal state in lobsters in May, J tine, and August, but 
in September becomes encysted in the walls of the rectum of its 
host, the cysts (Fig. 18, A) appearing like little white grains 
of the size of the head of a small pin. When thus encysted 
the nucleus disappears, and the granular contents of the 
cyst divide into two masses {B), like the beginning of the 
segmentation of the yolk of the higher animals. The next 
step is not figured by Van Beneden, and we therefore intro- 
duce some figures from Lieberkuhn which show how the 
granular mass breaks up into spindle-shaped bodies (called 
by some authors “ pseudonavicellaa,’^ and by Lieberkuhn 
psorosperms’^ with hard shells. After the disappearance 
of the nucleus and vesicle, and when the encysted portion 
has become a homogeneous granular mass, this mass divides 
into a number of rounded balls (Fig. 18, G). These balls 
consist of fine granules, which are the s])indlc-shaped bodies 
in their first stage (Fig. 18, A"). They then become 
spindle-shaped (0) and fill the cyst (Fig. 18, M), the balls 
having meanwhile disappeared. From these psorosperms 
are expelled amoeba-like masses of albumen {D E)^ which, 
as Van Beneden remarks, exactly resemble the Protammba 
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already described. This moner-like being, without a 
nucleus, is the young Gregarina. 

But soon the Amoeba characters arise. The moner-like 
young (Fig. 18, D E F) now undergoes a further change. Its 
outer portion becomes a thick layer of a brilliant, perfectly 
homogeneous protoplasm, entirely free from granules, whicli 
surrounds the central granular contents of the cytode 
(Haeckel) or non-nucleated cell. This is the Amoeba stage 
of the young Gregarina, the body, as in the Amoeba, con- 
sisting of a clear, cortical, and granular 
medullary or central portion. 

The next step is the appearance of two 
arm-like projections (Fig. 18, F)y com- 
parable to the pseudopods of an Amoeba. 
One of these arms elongates, and, sepa- 
rating, forms a perfect Gregarina. Soon 
afterward the other arm elongates, ab- 
sorbs the moner-like mass, and also be- 
comes a perfect Gregarina. This elon- 
gated stage is celled a Pseudofilaria (Fig. 
18, G) ; no nucleus has yet appeared. 
In the next stage (Fig. 18, H n, nucleus) 
thraUmel^Sl^®c3 tbc body is shorter and broader, and the 
nucleus appears, while a number of gran- 



witti a bcak-like continua- 
tion (aO of the head. 
older; a, anterior end; 6, 

liinder part of the body; , , , 

g^iiucieus.-After Gegen- httle more (/, J), and then attains the 
elongated, worm-like form of the adult 


ules collect at one end/ indicating a 
head. After this the body shortens a 


Gregarina {K), 
growth : 


Van Beneden thus sums up the phases of 


1. The Moner phase. 

2. The generating Cytode phase. 

3. The Pseudofilaria phase. 

4. The Protoplast (adult Gregarina). 

5. The encysted Gregarina. 

6. The sporogony plnise (producing zoospores). 

The Gregarinas and Amosbee constitute HaeekePs group 
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of Protoplasta. Other Gregarinse are very minute, and are 
parasitic in insects (Fig. 19), etc., and vary greatly in form, 
some being apparently segmented, while in a few forms the 
body ends anteriorly in a sort of beak armed with recurved 
horny spines. We are now prepared to adopt the following 
definition of the class : 


Class III.— GREGARINIDA. 

Ainaha 4 ike Protozoa, more or leas dongoM, a determinate M- 
waU, wUIi a stiheuticiUar system of miiMular jUmUes, with a nveletis, but no 
co7itractile mctiole ; rep'oduciny by eneystmg and subdivimn of the 
trcU 70098 of the body, produmig shelly paorosperms, from which escape the 
numer^Uke young, which undergo a meta/morphosis into the usually worm- 
shaped, parasitic aduU (Qregarina). 


Class IV. — Infusoria. 

These organisms can best be understood by studying rep- 
resentatives of the three orders forming the class. 

Order 1. Flagellata (Monads). — A familiar example of 
monads, Monas termo Ehrenberg? has been studied by 
H. J, Clark. His description will suit our purpose of indi- 
cating the form and habits of atypical fiagellate animalcule. 
It somewhat resembles our figure of Uvella in its general 
shape, being pear-shaped, faint olive in color, and provided 
with a vibratile locomotive lash orfiagellum. In swimming, 
the monad stretches out the flagellum, which vibrates with 
an undulating, whirling motion, and produces a peculiar 
graceful rolling motion. When the monad is fixed the fla- 
gellum is used to convey food to the mouth, which lies be- 
tween the base of the flagellum and beak, or ‘‘ lip.’’ The 
food is thrown by a sudden jerk, and with precision, directly 
against the mouth. “ If acceptable for food, the flagellum 
presses its base down upon the morsel, and at the same time 
the lip is thrown back so as to disclose the mouth, and then 
bent over the particle as it sinks into the latter. When the 
lip has obtained a fair hold upon the food, the flagellum 
withdraws from its incumbent position and returns to its 
former rigid, watchful condition. The process of degluti- 
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tioa is then carried on by the help of the lip alone, which 

expands latterly until it 
completely overlies the 
particle. Ail this is done 
quite rapidly, in a few sec- 
ends, and then the food 
glides quickly into the 
depths of the body, and is 
enveloped in a digestive 
Pig. ao.~Maiuide iUvdiay-Ai^f Tuttle, .^.^cuole, whilst the lip as- 
sumes its usual conical shape and proportions.^^ (Clark.) 

All the monads have a contractile vesicle. In Monas 
termo, Clark observes that it is so large 
and conspicuous that its globular form 
may be readily seen, even through the 
greatest diameter of the body ; and con- 
tracts so vigorously and abruptly, at the 
rate of six times a minute, that there 
seems to be a quite sensible shock over 
that side of the body in which it is cm- 
bedded. The contractile vesicle is 
thought to represent the heart of the 
higher animals. The reproductive organ 
may possibly be represented in Monas 
termo by a ^Wery conspicuous, bright, 
highly refracting, colorless oil-like globule 
which is enclosed in a clear vesicle’ ' called 
the nucleus. This and other monads live 
either free or attached by a slender stalk, 

As an example of the compound or aggre- 

gated monads may be cited Uvella, prob- 

ably glaucoma of Ehrenberg. Other 

forms, as Codosiga, are fixed by a stalk to 

some object (Pig. 21, C. pulcherrinms 

Clark). In this and allied forms the body puiSte^m^] 

is surmounted by a collar or calyx out of ITaS?”*? 

which the flagellum projects. The Co- in,uVidn- 

dosiga has been observed by Clark to un- ciark. 

dergo fission, two independent monads resulting, within the 

space of forty minutes. 
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The first sign of fission is a balging out of the collar, 
which becomes still more bell-shaped. The flagellum next 
disappears. Then marks of self-division appear in a nar- 
row, slight furrow (Fig. 21, j?, e), extending from the front 
half way back along the middle of the body. Meanwhile 
the collar, which had become conical, expands, and, most 
strikii^ ohange of all, two new flagella appear. Then the 
collar splits into two (Fig. 21, 0 ), and soon the two new Code- 
sig» become perfected, when they split asunder, and become 
like the original Codosiga. Such is the usual mode of mul- 
tiplication of the species in the monads. 

A few monads have been observed to become encysted, and 
to break up into excessively minute bodies, from which new 
monads have grown. Two 
individuals of the same form 
{Heteromita) in certain stages 
fasten themselves together, 
the larger absorbing the 
smaller as if conjugating, 
like Desmids, the compound 
body resulting becoming en- 
cysted; finally the contents 
of the cyst become divided 
into either large or minute 

germs (zoospores) which as- - 

sume the parent form. The researches of Messrs. Ballinger 
and Drysdale on this Heteromita have proved that while 
the mature forms may be destroyed at a temperature of 
142® F. , the motile germs of this and five other species of Infu- 
soria peiished when heated in fluid to from 212® F. to 268® F. 

NodUuca (Fig. 22) has been proved by Cienkowski to bo 
an enormous monad. It is a highly phosphorescent organ- 
ism, so small as scarcely to be seen with the naked eye, be- 
ing from i to 1 mm. (-01 to '04 inch) in diameter. It occurs 
in great numbers on the surface of the sea. It has a nearly 
spherical jelly-like body, with a groove on one side from 
which issues a curved filament, used in locomotion. Near 
the base of this filament is the mouth, having on one side a 
tooth-like projection. Connecting with the mouth is an oes- 
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ophagna whieh passes into the digestive cavity, in front of 
which lies an oval nucleus. Beneath the outer skin or firm 
membrane surrounding the body is a gelatinous layer, con- 
taining numerous granules. A network of granular fibres 
arises from the granular layer ; these fibres pass into the 
middle of the body to the nucleus and digestive cavity. The 
young (Fig. 22, n, s) result from a division or segmentation 
of the entire mass of the protoplasm of the body, forming 
small oval bodies with a long lash. The zoospores are like 
those of other Flagellata, and for this reason and the gen- 
eral structure of the adult, Noctiluca is by the best author- 
ities associated with the Flagellata. Noctiluca also under- 
goes conjugation, but the zoospores 

t appear whether conjugation has oc- 
curred or not. The Noctiluca on the 
coast of the United States has been 
observed in abundance on the surface 
of the sea in Portland harbor, by Mr. 
E. Bicknell. It is phosphorescent, 
but whether identical with Noctiluca 
miliaris of the European seas is not 
known. Leptodiscus medusoides Hert- 
wig, is discoidal or medusiform in 

Fig. ^.-^Aoinetamystacina, - ^ ^ ^ .... 

with its stalk attached to a shape, the disk one and a half milli- 

plant ; with fifteen tentacles . • j • j. nri j • i. -i. j 

ending In knob-like taman- metres in diameter. When disturbed 
*«c- -j. through the watcr by the con- 
tractions of its umbrella-shaped body. 
It is allied to Noctiluca and was discovered at Messina. 

Peridinium is the type of a third and higher division of 
monads, the body being protected by a hard shell, with one 
or more flagella, and a row of cilia serving as a locomotive 
apparatus, and thus, together with Heteromastix and Dys- 
Uridi connecting the Flagellata with the Ciliata or true 
Infusoria, 

Order 2. TentacuUfera (Acinetss, Suctoria). — An Acineta 
(Fig. 23) reminds us at first sight of a Radiolarian, since 
the body is provided with filiform, tentacle-like processes 
resembling the pseudopodia of a Radiolarian, but the ten- 
tacles are in reality rather stiff, hollow, and act as suck- 
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ers> so that when the organism has by means of its hollow 
arms or tentacles caught some 
Infusorian, the arms con- 
tract, draw the victim nearer 
to the Acineta, and when the 
sucking disk at the end of the 
arms has penetrated the skin, j 
the contents of the body of 
the Infusorian are sucked into 
the food-cavity of the A cine- n 
fa; on the other hand, in 
some Acinetse a portion of the 
arms are simply prehensile. 

These animals are in their 
adult phase quite unlike the 
Flagellata or Oiliatay but the „ 
young are developed within »» 
the parent and are provided 
with cilia, being at first free- 
swimming, and afterward 
fixed by a long stalk. The 
Acinetm sometimes self -di- 
vide, sending off from the 
free end of the body a ciliated 
Acinete ; tliey have also been 
seen to conjugate. 

Order 3. Ciliata (Infuso- 
ria). — A common type of this 
group and one easy to obtain 
by the student is Parame- 
cium (Fig. 24), observed in 
infusions, or moving rapidly 

nvnT ^ —Paramecium caudatum. A 
0^e^ toe DOOJCS of larger ani- view from the dortwl Bide, irmguiflod 840 
nulls whiph irtoxr //» the head; T, the taU; m, 

Iimis wnicn may oeunaei tne themoath; wto^.thethK^t; a.tUepOM; 
micmscope. Figure 24 rep- _ . _ _ 

resents Paramecium cauda- 

tnm Ehrenberg. This ani- te^i'^atini^iHaatthet^oftheve^ 
maieule is a mass of proto- 
plasm, representing a single cell. In the body-mass are ex- 
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cavated a mouth and a throat leading to a so-called stomaoh 
or digei^iiTe cavity. Two hollows in the body form the con- 
tractile vesicles, and an- 
^ other cavity constitutes 
the reproductive organ. 
r Prolongations of the body- 
, mass form the cilia, which 
ct> characterize the Infusoria 
m and give the name to the 
c present order, Ciliata, 
n, Paramecium has an elon- 
gated, oval body ‘‘with 
one end (//) flattened out 
broader than the other, 
and twisted about one 
third way round, so that 
the flattened part resem- 
bles a very long figure 8. 

In this form, as well as in 
Stentor (Fig. J>5), as Clark 
remarks, “ we have the 
mouth at the bottom of a 
broad notch or incurva- 
tion, and the contractile 
(i vesicle on the opposite 
side, next the convex 

Fig. ISO back, whilst the sreneral 

diametew, ^pwaJeS itiid beat elightly overto- ^ i? xi. i i V* , 

ward olwe^er; the moutlim, next the eye, CaVlty of the body lies be- 

and the dorsal edge in the difitaaoe. a, poete- 4. >> mi 

rlor end; the tube enclosing o; c, tte cili- tWeen these twO. The 

ated border of the disk (#); uTme larger rigid •:*, 4.1.,^ 42 

clJla; <», the contractile vwkie In the extr^e ^^rows in the figure repre- 

a dl»ta«ce,^nthroughthewholethlckue880fthe thfinmirsm 

; the posterior prolongaUou of «?, COUrse 01 tile par- 

e dtstauce; r, f‘, the circular and radiating tides of inHicro wifh 
nranches of what, by Clark, was suppo^ to be WICU Wilicn 

a rudimentary nei-vous system* n, n> the re- Clark fed his SueoimPTiQ 
producUve system, extending ^rom tke right specimens, 

—After ^ ^^6 whirled 

along, by the large vibrat- 
ing cilia (») of the edge of the disk, against the vestibule of 
the mouth.” During the circuit the food is digested, a 
mass of rejectamenta is formed near the protuberance, a, 
which has appeared a short time before. This hnally 
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opens, allows the rejected matter to pass out, and then 
closes over, leaving no trace of an outlet. This and other 
Infusoria seem, then, to have a definite digestive ti*act, hoi- 
lowed out of the parenchyma of the body. 

The system,’’ says Clark, ‘‘ which is analogous to the 
blood-circulation of the higher animals, is represented in 
Paramecium by two contractile vesicles (cv, cv\ i, ii, in), 
both of which have a degree of complication which, per- 
haps, exceeds that of any other similar organ” in these ani- 
mals. When fully expanded they appear round, as at e; t; ; 
but when contracted they appear, observes Clark, as fine 
radiating 8ti*eaks, and as the main portion lessens they grad- 
ually broaden and swell until the former is emptied and 
nearly invisible, and 
they are extended 
over half the length 
of the body. In this 
condition they might 
be compared to the 
arterial vessels of the 
more elevated classes 
of animals, but they 

would at the same --Proct;«i3 of Ussion in SUntor polymorphus. 

_ I , t Stentor budding out ; ready to Hoparate from 

time represent the the ot^lual ou«;/, the two m a contracted state.— 

. *. ,, After C^x, 

veins, since they 

serve at the next moment to return the fluid to the main 
reservoir again, which is effected in this very remarkable 
way.” The contents of these vesicles is a clear fluid. 

The reproductive organ in Paramecium is a small tube 
(n), only seen at the reproductive period when the eggs (n) 
are fully grown, Clark says that the eggs are arranged in 
it “in a single line, one after the other, at varying dis- 
tances.” It usually lies in the midst of the body, and ex- 
tends from one half to two thirds of the length of the ani- 
mal, The eggs pass out from the so-called ovary through 
an aperture near the mouth. Lasso-cells like those in the 
jelly-fishes are said by Butschli to exist in an infusorian 
named by him Pol^krihos, 

In the trumpet animalcule (Pig. 25, Stentor polymor- 
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phus Ehrenberg) we have a rather more complicated lorm, 
the infusorian attaching itself at one end by a stalk, and 
building up a slight tube, into which it contracts when dis- 
turbecL The Stentor may be sometimes observed multiply- 
ing by self-division. Clark observed Stentor polymorphus 
undergoing the process. The first change observed was the 
division of the contractile vesicle into two. The mouth of 
the new Stentor wiis formed in the middle of the under side, 
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away^ both asMnamg the commoa form of the animalcule 
when free-swimming, and differing from the original indi- 
yidnal only in being of smaller size/’ 

The most complicated as well as most interesting form of 
all the Infusoria is the bell-animalcule, VorticeUa, It is 
very common in pools, forming patches like white mould on 
the leaves and stems of submerged plants. It may, like 
Stentor, be observed under low powers of the microscope. 
Their motions, as they suddenly contract and then shoot 
out their bell, mounted on a long stalk, are very interesting. 
The throat (oesophagus) is quite distinct, while the nucleus 
is the most conspicuous organ of the body. The digestive 
cavity is a large hollow in the protoplasm forming the body- 
mass, in which the whole mass of food revolves in a deter- 
minate channel. Closely allied to Vorticella is Epistylis 
(Figs. 27 and 28). 

While most ciliate Infusoria, so far as known, multiply 
by self-division, in Vaginicola the process is more like true 
gemmation or budding, and is accompanied by a process of 
encysting, resulting in the production of a free-swimming 
ciliated embryo, the adult Vaginicola being attached. The 
also becomes encysted, and the nucleus subdivides 
until the body becomes filled with monad-like germs, the 
result of the simultaneous breaking up of the nucleus. The 
Vorticellm, then, pass through a flagellate or monad stage, 
from which they pass into the Vorticella condition, when 
they multiply by self-division and by budding, the last 
generation becoming encysted. 

Conjugation is a common occurrence in ciliate Infusoria, 
and results in the breaking up of the nucleus of each indi- 
vidual into a number of fragments, and the appearance in 
each of the individuals of the nucleus and nucleolus (either 
single or multiple) which characterize the species.* 

• believes that the ciliate Infusoria have eggs which are 

f^llzed by spermatic particles. More recently, however, Engelmann, 
BUtsdiH, and Hertwig have dmded that conjugation is of a truly sexual 
character, and that the striated nudeoH of certain individual Infusoria 
are iqper&cuitozoa. '^Keverthdess,** remarks Huxley (Anatomy of In* 
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Class IV.— -Ikfusoria. 

FlageUaie or cUiate {sometinm only eiliate in tlie early 8tage9) Protozoa, 
the body not ehanginjg inform, having a definite skin, and ojten wholly or 
poMy provided with eUia; usually free, sometimes stalked or attached; wiGi 
a mouth-opemng and (esophagus, and rudiments of digestive, circular 
tory {two or more contrcuMe vesicles), and reproductive (rrgans {nucleus and 
nucleolus), but with no distinctively sexual organs. 

Order 1. i?T^effiato.--Rounded, oval, or pear-shaped organisms, usually 
exceedingly minute, provided with one or two flagella, with 
an oral region, into which particles of food are thrown by 
the flagellum ; with a nucleus and contractile vesicles, rarely 
stalked, and with a ccdyx; sometimes aggregated; with a row 
of cilia in the highest forms serving as a locomotive app^a* 
tus ; reproducing by self -division or by segmentation of the 
protoplasmic contents of the body, the young being minute 
oval bodies, provided with a flagellum (Monas, Heteromlta, 
Noctlluca, Peridinium). 

Order 3, Tentaculifera (Suctoria). — Naked, not ciliated, protozoans, 
with long, stiff, retractile arms or tentacles, provided with a 
sucker at the end, the arms hollow, conveying the food to 
the digestive cavity ; originating from ciliated young ; also 
by self -division throwing off ciliated forms, and undergoing 
conjugation (Acineta). 

Order 8. OiUata (True Infusoria). — Body free and covered with cilia 
(ParaTnedum, Stentor, etc.), or stalked, with the cilia con- 
fined to the head end (Vaginicola and VatlieeUa, etc.) ; a 
well-defiij<d mouth and oesophagus ; a digestive cavity and 
vent ; a large nucleus, and two or more contractile vesicles. 
Reproducing by self-division, budding or conjugating, and 
producing monad-like young by self-division of the nu- 
cleus ; sexuality doubtfully indicated. 

The following diagram represents the relative position 
of the orders and classes of Protozoa, and in a mde way 
their possible genetic relations : 

vertebrated Animals, p. 662), “ it is still possible that the conjugation 
of the Infusoria may be a true sexual process, and that a portion of the 
divided endoplastules [striated nucleoli] of each may play the part of 
tke spermatic corpuscle, the conjugation of which with the nucleus of 
the ovum appears, from recent researches, to constitute the essence 
of the act of impi egnalion. ^ ' 
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View op the Classification op the Protozoa. 

Oiliata. 

(Paramecium.) 

Tentaeulaia. 

(Aciueta.) 

I FlageHata, 

(Monae.) 


Infusoria. 


GREOABmiDA. 

1 

Radidaria, 

(Actinophrys.) 

Fommin^era. 

(Rot^U.) 

Rbizopoda. 

1 


1 


Mokeea. 


Zabmitary None of the Protoxoa, except the shells of the 

JPommnifera and BadiolaTia, can be well preserved after death, and it 
is always better to study any animal alive or freshly killed than when 
preserved in any sort of fluid. Fresh-water Amcnbai and Monera 
should be looked for on the surface of leaves and the stems of sub* 
merged plants in ponds, pools, and ditches. Many fresh-water Ilhizo* 
pods dwell in sphagnum swamps and in damp moss or in shaded pools. 
The marine forms may be gathered with a fine towing net, when the 
surface of the ocean is calm. The commoner will be found 

on shells and stones at low- water mark or in shallow water, but most 
abundantly at greater depths — L s., from ten to one hundred fathoms. 
On being placed in water they will, after a period of r^t, send out 
their pseudopodla. 

To study their form and development they should he placed in a 
drop of water in an animalcule or aquatic box, and kept in this way 
for several days and even weeks, the box being examined daily, and 
water added if necessary. The shells may be studied by grinding and 
slicing into transverse and longitudinal sections. The animals of 
MUiolamA other forms (RMia, TextiUa/ria), on being treated with 
dilated chromic acid and stained with carmine, disclosed to Hertwlg a 
wdl-miurked nucleus. The nucleus may also be deeply stained by 
hiesnatoxylin or carmine, and may be cleariy demonstrated by acetic 
add, whkh tmids to destroy the surrounding protoplasm. Much in- 
genuity, mechanical skill, and patience is required in the study of the 
Protoa^, and much yet is to be learned regarding ihd^ mode of de* 
vdopment and their structure. 



CHAPTER II. 

BRANCH II.—PORIFERA (Sponges). 

General Characters of Sponges. — Although the sponges 
were formerly supposed to be compound or social Amoebae, 
and more recently monads, from the striking resemblance 
of their epithelial cells to certain monads, and have been 
generally regarded as Protozoans, later researches have 
shown that they are in reality many»celled animals, and that 
for a short period of their life they follow the same develop- 
mental path as the higher animals. It was also discovered 
that they reproduce by eggs, the latter undergoing segmen- 
tation and assuming the condition of a three-layered sac, 
the three layers being identical with those of the higher 
branches of the animal kingdom, so that the gap between 
the Protozoans and sponges is a wide one, and the latter are 
more nearly allied to the Hydra, for example, than to any 
one-celled animal. 

One of the simplest sponges, such as Ascetta primordialis 
Haeckel, is a spindle or vase-shaped cylinder, attached by its 
base, with the cellular soft portion supported by a basket- 
work of interlaced needles or spicules of silex or lime. The 
cells are arranged in three layers, the innermost (endoderm) 
being provided each with a cilium. The spicules, and also 
the eggs, are developed in the middle layer (mesoderm). 
Moreover, the walls of the body are perforated by multitudes 
of small pores (whence the name of tlie branch, Porifera), 
through which the water percolates into the body-cavity, 
carrying minute forms of life or food-particles, which are 
individually thrown into each cell by the action of the single 
cilium thrust out of the collar of the cell, much as in an in- 
dividual monad such as Codosiga (Fig. ^1). Each cell re- 
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jects its own waste jtoticle of food, the protoplasm having 
been previously absorbed, and the waste from all the epi- 
thelial cells is collectively expelled from the single excurrent 
orifice (osculum), there being many pores or mouths, and 
but a single outlet for the rejectamenta. 

Such is the structure of one of the simplest sponges ; the 
larger common sponges diJBfer mainly in having a less defi- 
nite form, with numerous sacs or digestive cavities or cham- 
bers, and numerous excurrent orifices or oscula. It will be 
seen, then, that we have in the sponge a three-layered sac, 
its cavity rudely foreshadowing the gastro vascular cavity of 
the Hydray but with no genuine mouth, the pores or so- 
called mouths simply allowing the sea-water laden with 
sponge-food to flow in, inflowing currents being formed by 
the ciliary action of the digestive cells, and the excurrent 
orifice permitting its exit. 

In the other sponges such as are figured in this chapter, 
the structure is a little more complicated than in the 
Ascetta, There is no general body-cavity, with a contin- 
uous lining of epithelial cells, but the entire sponge- mass is 
permeated by large canals ending in oscula, and there are 
innumerable pores (so-called mouths) leading by branching 
canals to little pockets or cavities, which are lined with the 
flagellate, collared cells developed specially from the inner 
cell-layer (endoderm) ; so that the animal is myriad-stom- 
ached, so to speak. Moreover, the middle layer of cells is in 
many sponges greatly thickened, and nearly the whole 
mass, as seen in the common sponge, consists of spicules or 
horny fibres, and protoplasm, through which the exourrent 
and incuri'ent channels meander. Thread cells or lasso- 
cells like those hereafter to be described in Hydra have 
been detected in the sponge named Beniera. 

Let us now follow out the life-history of a sponge. The 
sponges are further distinguished from the Protozoa in pro- 
ducing eggs and spermatic particles, the eggs being fertilized 
before leaving the sponge. The egg after fertilization di- 
vides in two, four, eight, sixteen, and more spheres, attain- 
ing the mull^rry or morula * state (Pig. 29). The result is 

• Tbe t^rms morula and ^udruJUi are used in this book simply for 
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the formation of a two and afterward three-layered sac, cor- 
responding to the gastrula of the higher animals. In this 
state (Fig. 30) the germ breaks out of the parent sponge into 
the sea. Fig. 31 represents the development of the common 
little calcareous sponge {Sycon ciliatum), found between 
tide-marks. A indicates the morula with the segmentation- 

cavity {c), which afterward 
disappears as at Jff, The 
gastrula is represented at 
(7, and consists of ciliat- 
ed and non-ciliated large 
round cells ; the first series 



29.— Sc^entation of egg of aponge 
drca).— After Carter. 


forming a sort of arch, with 
a hollow in the middle, 


around which a large number of very fine brown pigment 
corpuscles are collected. The next change of importance is 
the disappearance of the cavity, the upper or ciliated half 


of the body being much reduced in size. Then the large 

round cells of the hinder part are united into a compact 

mass, leaving only a single row. The ciliated cells are 

gradually withdrawn into the \ / / / / / 

body-cavity. Fig. 31, D, shows III//// 

this process going on. At this vumUUl \\\\l /// 

period also the larva becomes ses- 

sile, and now begins the formation 

of the sponge-spicules, which de- 

velop from the non-ciliated round 

cells. Metschnikofi calls atten- 

tion to the fact that at this early 

stage the Sycon passes through a 

phase which is persistent in the (,s^ 

genus Sycyssa, The layer of cil- «w»ara raptor).- Af ter schuizc. 
iated cells are gradually withdrawn into the body-cavity, 
until a small opening is left surrounded with a circle of 


cilia. These cilia finally disappear, a few more spicules 
grow out, and meanwhile the opening disappears. In the 
next stage (represented at D) a considerable body-cavity ap- 


convenience to avoid circumlocution. It may be that these conditions 
will be found to be essentially modified in different groups of animals, 
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pears which may be seen through the body- walls. At this 
time the germ consists of two layers, the inner layer of cili- 
ated cells (endoderm) forming a closed sac, enveloped in the 
spiculiferous layer. Such are the observations of Metsohni- 
kofP on the development of Sycon, According to the ob- 
servations of Barrois, the larva or gastrula fixes itself by what 
are destined to be the ectodermal cells, and which are the 
round non-ciliated cells forming the posterior end (Fig. 31, 
G) of the free-swimming gastrula. About this time the 
mesoderm separates from the endoderm, either before or 
just after the gastrula becomes stationary, according to the 
group to which it belongs. 

When the young sponge becomes stationary it does not 
differ from the gastrula, except that it becomes more or less 



Fig. 81.— Development of a 8|H>tige (^yconci/iafum).— After Metechuikofl. 


irregular in form. Then appear the food or digestive cavi- 
ties in the endoderm, in Sycandra becoming radiating tubes 
lined with ciliated, collared, monad-like cells ; or in Leucon 
and Halichondria^ and their allies, forming scattered pock- 
ets, called “ sacs.’ ^ Inmost sponges (except 

some calcareous species) there is no general body-cavity in 
the gastrula, nor in the young after the larva becomes sta- 
tionary, according to Barrois, After the formation of the 
ampullaceous sacs the pores open through the mesoderm 
and connect the sacs and ciliated channels, as the case may 
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be, with the outer world. These pores may open and then 
be permanently closed, new ones opening elsewhere. The 
osculum bui^sts open by the accumulation of water between 
the two layers in the same manner as the pores. Finally, 
in certain sponges the homy fibres grow out from the outer 
cell-layer and extend inward, surrounding the spicules, the 
latter developing from the middle cell-layer. 

It appears, also, that all sponge embryos form a two and 
afterward three-layered sac (gastrula), in which in the sim- 
plest sponges there is a primitive body-cavity and a prim- 
itive mouth, while in the higher calcareous sponges and in 
the silicious forms the body -cavity is only temporarily 
open, being afterward filled up by the interior ciliated 
cells, and thus forming a compact mass. 

In the sponges, also, the larva or free-swimming young 
is a three-layered sac, which is either hollow or, more com- 
monly, solid, and may attach itself at the end of its free- 
swimming life by one end to some fixed object. The body- 
cavity may persist in the simpler forms through life, though 
in most sponges there is no genuine digestive cavity, but a 
large series of minute digestive sacs communicating by canals 
with the large ones leading to the oscula. The more or less 
regular spherical form of the young of most sponges becomes 
lost as they grow ; they become irregular in form, encrust- 
ing rocks, and their development retrogrades rather than 
advances. 

In the fresh-water there is a special provision for 

the maintenance of the species. In autumn are formed the 
so-called seed,’’ tiding capsules in which are enclosed eggs 
which in the spring develop young sponges. This cyst or 
capsule may be compared to the buds or winter eggs of the 
Polyzoa or of the water-flea (Daphnia), 

From the members of the next branch, the sponges differ 
in the great irregularity of their form, the lack of a definite 
digestive cavity and of tentacles. 

Order 1. Caldspongim . — The sponges may conveniently 
be divided into two orders. Those belonging to the first 
secrete spicules of lime, and there are no digestive or ampul- 
laceous sacs, but the minute canals are lined with ciliated cells. 
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The calcareous sponges are fear in number and are repre- 
sented by a delicate little white sponge called Sycon cilia- 
turn Johnston, yery common on sea-weeds between tide- 
marks. 

Order 2. Carneospongim . — In this group the spicules 
may either be fibrous and homy or silicious. The middle 



rig. m.^A9in«Ua polypeiOef. 



Fig. TR.—HyaloTMrm boreal4, 
uaUiral elzc.— After Lov^n. 


cell-layer is very thick, the endoderm being restricted to the 
numerous digestive cavities or so-called ampullaceous sacs. 

The fresh-water sponge (Spongtlla) occurs everywhere 
on submerged sticks and stones in running or nearly stag- 
nant water, usually branching. With the exception of 
Spongtlla and another form, Siphydora echinoides Clark, 
which grows as large as one^s fist in northern ponds and 
streams, all sponges are marine. One of the commonest 
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BpoageB north of New York is Chalinula oculatd (Bower- 
bank), which grows in long slender branches on the piles of 
wharves and bridges. Allied to it is Axinella (Fig. 32, 4 - 
polypoides). 

Allied to Tetheay which is sessile, is a deep-sea form grow- 
ing on a long stalk, ue.y Stylocordyla horeale (Fig. 33). At 
the depth of 100 fathoms in the Gulf of Maine occurs a 



Pte. S4.~^/*Agwn«ma Anna, half natural aiae, withetellate and anchor-like spiculea, 
much enlaiged .—After Leldy. 


similar species (<S1 longissimum Bars). Fig. 34 represents 
a fine siiioious sponge {Pheronema AnncB Leidy) from the 
West Indies. The most beautiful of all silicious sponges is 
the Venus’ flower-basket {Euphctelluni aspergillum)^ which 
lives imohored in the mud at the depth of itbout 10 fathoms, 
near the Philippine Islands. 
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The diona bores iato shells, causing^them to disinte- 
grate. For example, (Mona sulphurea w Verrill has been 
found by him boring into various shells, such as the oyster, 
mussel, and scallop ; it also spreads out on all sides, envelop- 
ing and dissolving the entire shell. It has even been found 
to penetrate one or two inches into hard statuary marble. 

Of the marketable sponges there are six species, with nu- 
merous varieties. They are available for our use from being 
simply fibrous, having no silicious spicules. The Mediter- 
ranean sponges are the best, being the softest; those of the 
Red Sea are next in quality, while our West Indian species 
are coarser and less durable. Our glove-sponge {Spongia 
tuhulifera Duch. and Mich.) corresponds to Spongia Adriat^ 
tea Schmidt, which is the Turkey cup-sponge and Levant 
toilet sponge of the Mediterranean. Spongia gossypina 
Duch. and Mich, the wool sponge of Florida and the Baha- 
mas, corresponds to S. equina Schmidt, the horse or bath 
sponge of the Mediterranean. 


BRANCH II.-PORIFERA. 

The epmgee are many-ceUed animaU, with iJiree cell-layers, without a 
true digestive cavity, supported usuaUy by calcareous or silicious spicules, 
ike hody‘mass permeated by ciliated passages, or containing minute cham* 
hers lined by dtiaied, coUared, monad-like cells. No true meuth-opening, 
but usually an irregular system of inJhalent pores opening into the cell-lined 
chambers or passages through which, the food is introduced in currents of 
sea-water, the waste particles passing out of the body by a srngU, hut more 
usuaUy, many doaced openings (oscula). Sponges are herrnaphrodiUc, mul- 
tiplying by fertilized eggs, the germ passing through a monUa and a gasirula 
stage. (The characters of the Class the same as those of the Branch.) 

Order 1. CaleispongicB. Animal supported by a framework of calcare* 
OU8 spicules, disposed in lines or columns at right angles to 
the walls ; -^th cell-lined radiating canals. (Sycon.) 

Order 2. Gameospongics. Mesoderm exceedingly thick ; the ciliated 
cells restricted to cell-lined chambers. Either no solid 
framework, as in Halisarca, or usually a well-developed 
fibrous or silicious framework. (Spongilla, Spongia, Hya- 
lon^na, Euplectella.) 
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Laboratory Work . — Sponges are difficult to preserve alive in aquaria 
for study. Pine microscopic sections of the living sponge may be made 
with the razor or the microtome, and the tissues and eggs as well as the 
young be studied, though, from their minuteness, the study of the 
young is very difficult. The ciliated young of Sycoii eiliatum may be 
obtained in the spring and summer by picking a portion of the sponge 
to pieces and tearing out small fragments with fine needles, until por- 
tions are small enough to be txamined under high powers of the micro- 
scope. Researches on the finer structure and mode of growth of the 
sponge are difficult, and require much skill and long training in his- 
tological mclliods The gross structure of sponges may be studied by 
cross and longitudinal sections made with a razor or knife. 
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BEANOH m.--C(ELENTERATA (Hydkoids, Jelly^ 
Fishes and Polyps). 

General Oharaoters of CcBlenterates.— In this branch, 
which is represented by animals like the Hydra (Pig. 36) ami 
Tuhularia (Fig. 35), the body consists 
of three cell-layers, surrounding a 
definite, single, digestive cavity, the 
mouth of the cavity being surrounded ct 
by a circle of tentacles, which are hol- 
low and connect directly with the 
stomach. The latter, however, is only 
partly differentiated or set apart from 
the body, hence the name Cobhnterata 
(Greek, kozXo?, hidden, and errepov^ 
digestive tract). From the stomach 
often radiate water- vascular canals, no 
blood-system yet appearing thus far in 
the animal kingdom, the products of 
digestion reaching the tissues from 
the smaller branches of the primary 
water-vascular canals. The nervous 
system is either absent, or in different 
grades of development, from the iso- 
lated nervo-muscular cells of Hydra 
and the scattered nerve-cells of an 
Actinia^ to the continuous ganglion- 
ated nervous ring of the minute 
jelly-fish such as Sarsia. These animals display a striking 
amount of radial symmetry, the organs and body being dis- 
posed in a radiate manner around a central vertical axis, in 



PJg. 86.— AHydroid, Tudu~ 
taria. m, medwwi biidn ; ct, 
tcntaclen ; p, proboHciH.— 
From Tenney’s Zoology. 
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part formed by the digestive tract. The Ccelenterata pre- 
seat striking examples of self-division, gemmation, and 
alternate generations, and very great extremes in degree of 
complexity of stmcture. 

The different groups have a high geological antiquity; 
the species of Hydroid and coral-polyps serving as time- 
marks to meastire off geological periods. 


Class I. — Hydrozoa {HydrokU and Acaleplis,) 

Q^neral Characters of Hydrozoa. — An excellent idea of 
the general structure of the Hydrozoa may be obtained from 
a study of Hydra, the type or example of the whole class, all 
the other forms being but a modification and elaboration of 
this simple type. The characters of the class as a whole are 
based on what is found to constitute the structure of 
Hydra, 

Order 1. Hydroidea. — The animal next higher in struc- 
ture than the sponge is the curious Protohydra discovered 
by Greef among diatoms and sea- weeds at Ostend. It is re- 
garded by Greef as the marine ancestral form of the Coelen- 
terates. It is the simplest Ooelenterate yet discovered. As 
the form of the fresh-water Hydra is familiar, Protohydra 
may be best described as being similar to that, except that 
it is entirely wanting in tentacles. It is made up of two 
layers (an ectoderm and endoderm, no mesoderm having yet 
been discovered), with a mouth and stomach (gastro-vascular 
cavity). 

A more complicated form is the fresh-water Hydra^ which 
is commonly found on the under side of the leaves of aquatic 
plants. There are two varieties of Hydra vulgaris appar- 
ently common to the fresh waters of the old and new world ; 
they are Hydra viridis and fusca. The somewhat club- 
shaped body consists of two layers, the inner (endoderm) 
lining the general cavity of the body, which serves both as 
mouth and stomach, as well as for the circulation of the 
nutritive fluid, and is called the gastro-vascular cavity. 
The mouth is surrounded with from five to eight tentacles, 
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which are prolongations of the body-wall, and are hollow, 
communicating with the body-cavity. 

Such is the general structure of the Hydra. In the 
ectoderm are situated the lasso-cells or nettling organs, be- 
ing minute barbed filaments coiled up in a cell-wall, which 
may be thrown out so as to paralyze the animals serving as 
food. While the endoderm forms a simple cell-layer, the 
outer layer (ectoderm) is more complex, as just within an 
external simple layer of large cells is a multitude of smaller 
cells, some of ^ them being thread or lasso-cells, while still 
within are fine muscular fibrillae which form a continuous 
layer. The large cells first named end in fibre-like pro- 
cesses, which alone possess contractility, and are thought by 
Kleinenberg to be motor-nerve endings. These large cells, 
from combining the functions of muscle and nerve, are 
termed nervo-muscle cells.” The little cavities between 
the large endodermal cells and the muscular layer (meso- 
derm?) which lies next to the endoderm are filled with 
small cells and lasso-cells, forming what Kleinenberg calls 
the interstitial tissue. From this tissue are developed the 
eggs and sperm-cells. 

The body being but slightly differentiated or set apart 
into special organs, the Hydra, like other low creatures, is 
capable to a wonderful degree of reproducing itself when 
artificially dissected. Trembley, in 1744, described in his 
famous work how he not only cut Hydras in two, but on 
slicing them across into thin rings, found that from each 
ring grew out a crown of tentacles; he split them into lon- 
gitudinal strips, each portion becoming eventually a well- 
shaped Hydra, and finally he turned them inside out, and 
in a few days the evaginated Hydra swallowed pieces of 
meat, though its old stomach-lining had now become its 
skin. We shall see that not only many Hydroids, Aca- 
lephs, some Echinoderms, and many worms, may reproduce 
lost parts and suffer artificial dissection, but that self- 
division is a normal though unusual mode of reproduction 
among these animals, as well as in the Protozoa, which 
may also be made to reproduce by artificial division, as 
Ehrenberg cut an infusorian into several pieces, each frag- 
ment becoming a perfect individual. 
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law m^oeeHi of if bnt a au9difi»tott 

vdit^ in nsteal eeU^iTuion, and ii m oai^ on to ^ igrtm 
extont in Hydra, a mnoh larger number of individuala being 
produced in this way than from eggs. Our figure (36) 
shows two individuals budding out from the parent Hydra ; 

the smaller bud (a) is 
a simple bulging out 
of the body-walls, the 
bud enveloping a por- 
tion of the stomach, 
until it becomes con- 
stricted and drops off, 
the tentacles mean- 
while budding out 
from the distal end, 
and a mouth-opening 
arising between them, 
as at c, Budiing in 
the Hydra, the Acti- 
nia, and, in fact, all 
the lower animals, is 
simply due to an in- 
crease in the growth 
and multiplication of 
cells at a special point 
on the outside of the 
body, while the asex- 
ual mode of reproduc- 
tion in the Aphis and 
a few other insects 
results from the mul- 
« tiplication of cells at 

FiK. with two young (a c) bod- •• • i ri-i 

ding ttGta It: A, the baue: the ^gebtive cawy; t, a particular point (the 

the body. Thus Parthenogenesis or Agamogmesis is analo- 
gous to the ordinary mode of budding. Eh ren berg first showed 
that the Hydra reproduces by fertilized egp. Kleinenberg 
describes the testis, which is lodged in the ectoderm, and 
which develops tailed spermatozoa like those of the higher 



mim, m k oth^ a 

^ ke aii<M <tf the tast^^ ^mewisatiM 
otai; kmi)d mthe eame mterstitml tissue of ti^ eotode^, 
consistiiig of a group of cells, which, Kleile^rg sta^s, 
differ entirely in their mode of formation from the ov^es 
(gonophores) of the marine hydroids, whieh genhlne 
buds. 

It thus seems that Hydra is monoecious or hermaphro- 
dite — Le.f the sexes ai'e not distinct The egg of Syd^a 
originates from the central cell of the ovary. 

There is a true segmentation of the egg. The young 
Hydra thus passes through a true morula stage; There 
is an outer layer of prismatic cells, forming the surface of 
the gem, and surrounding the inner mass of polygonal 
cells. At first none of these cells are nucleated, but after- 
ward nuclei appear, and it is an important fact that these 
nuclei do not arise from any pre-existent egg-nucleus. 

The next step is the formation of a true chitinous shell, 
enveloping the germ or embryo. After this, Kleinenborg 
asserts that the cells of the germ become fused together, 
and that the germ is like an unsegmented egg, being a 
single continuous mass of protoplasm. 

The remaining history of Hydra is soon told. In this 
protoplasmic germ -mass there is formed a small excentric 
cavity ; this is the beginning of the body-cavity, which 
finally forms a closed sac. After several weeks the germ 
bursts the hard shell and escapes into the surrounding wa- 
ter, but is still surrounded by a thin inner shell After this 
a clear superficial zone appears, and a darker one beneath, 
which is the first indication of the splitting of the germ into 
the two, afterward three, definitive germ-lamella3, common 
to all animals except the one -celled Protozoa. 

Ihe embryo soon stretches itself out, a star-shaped cleft 
appealing, which forms the mouth. The tentacles next ap 
pear. The animal now bursts open the thin inner shell, 
and the young Hydra appears much like its parent form. 

There is, then, no metamorphosis in the Hydra ; no cili- 
ated planula, as in many other Hydroids. The adult form 
is thus reached by continuous growth, 
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It will be seen, to anticipate somewhat, that the Hydra, 
exactly as in the vertebrates, including man, arises from an 
egg developed from a true ovary, which, after fertilization, 
passes through a morula stage ; that the germ consists at 
first of two germinal layers, while from the outer layer, as 
probably in the vertebrates, an intermediate or nervo-mus- 
cular layer is formed, which Allman thinks is thehomologue 
of the middle germ-lamella of the vertebrates (mesoderm) 
supposed to have originally split off from the ectoderm. 

In all the other Hydroids the sexes are separate, and we 
for the first time in the animal kingdom meet with two 
sorts of individuals — i.e», males and females. 



The simplest form next to Hydra is HydracUnia, in 
which the individual is differentiated into three sets of 
zooids—t.e., a, hydra-like, sterile or nutritive zooida ; 6 and 
c, the reproductive zooida, one male and the other female 
botti being much alike externally, having below the abort 
radimen^y tentaelea several spherical sacs, which pro- 
duce either male or female medusm. These medusa-buds 
(gonophores) are in structure like the free medns® of Oo- 
rym. The marine Hydroids, then, are usually sexually dis- 
tinct, growing by colonies, which are either male or female. 




Bwmw muALS. 5 ? 

ff^ractinia m^himta (Pig. 37) forms nuyssos (each called a 
hydrophyton) encrusting shells. 

In Ohm tiie reproductive buds remain permanently at* 
tached. It grows in pink masses on Puooids, about half an 
inch high, and is very common on our shores. It is repre- 
sented in fresh water by Cordyhphora lacustris Allman, 
which lives attached to rocks and plants in Europe and this 
country. 

Here comes in the group of Hydroids represented by 
Millepora and Stylastery which were formerly considered to 
be Anthozoan corals. By the researches of L. Agassiz in 
1859, and H. M. Moseley 
in 1876, Millepora, which 
had been confounded 
with the coral polyps, 
has been proved to be a 
Hy droid allied, as Agas- 
siz stated, to Hy dr acti- 
nia, Like that Hydroid, 
ifc forms a calcareous 
encrusting mass, but of 
much greater extent, a 
considerable proportion 
of the coral in the Flori- 
da reefs being formed 
by the Millepora, Our 
American species is MiU 
lepora alcicornis Linn., 
while our description is taken from Moseley^s account of 
Millepora nodosa Esper. (Fig. 38). Its generic name is de- 
rived from the numerous pores or calicles dotting its surface 
and arranged in irregular circular groups, consisting of a 
central calicle, or cup-like hollow, with from five to eight 
smaller calicles arranged around it. The mass of the coral, 
or hydrophyton, consists of fibres (or trabeculae) of lime, 
forming a spongy mass, traversed in all directions by tor- 
tuous canals which ‘‘ form regular branching systems with 
main trunks, giving off numerous branches, from whicli 
arise secondary branches, and from these again smaller 



jPfS- 88 . — MUlepora nodwa. «, nntritive 
zpold ; o, reproductive zooid ; c, laHBo-cell ; df, 
the same coiled up in its cell ; e, a third form. 
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ramifications. The whole canal system is connected to- 
gether by a freely anastomosing mesh-work of smaller ves- 
sels, and communicates freely by numerous offsets with the 
cavities of the calicles.” As the animals increase in num- 
bers and die, the coral stock increases in size, the layer con- 
taining the living animals forming a thin film only, the 
bottom of the little cups or pores forming a table or plat- 
form, whence the term Tabulata, originally applied to this 
group, the old calicles being divided by a series of trans- 
verse plates or laminae, separating them into series of cliam- 
bers. Moseley shows that the corallum of Millepora is dis- 
tinguished from all other coralla by its systems of canals 
branching in an arborescent manner, while the tabulate 
structure occurs in certain Alcyonaria, Zoantharia, and in 
other Hydroida ; hence the group Tabulata, as previously 
stated by Verrill, is an artificial one. 

The animals of the Millepora are of two kinds ; those in- 
habiting the central cup or pore are short, thick zooids, 
with a mouth and four tentacles, and only half a milli- 
metre in height ; those in the smaller pores are longer and 
slenderer, about one and a half millimetres in height, with 
from usually five to twenty tentacles, situated at irregular in- 
tervals from the base to the summit of the body. The body 
cavities of the zooids end in blind sacs at the bottom of the 
cup, but are continuous beyond with the canals of the hy- 
drophyton, the latter being defined by Allman as forming 
in the Hydroids the common basis by which the several 
zooids of the colony are kept in union with one another.” 
As w© know nothing of the mode of reproduction of Mille- 
pora, we must leave it for the present near Hydractinia, to 
which the adult animals are nearest related, Moseley also 
discovered that Sty latter, a beautiful pink coral which grows 
at Tahiti, with the Millepora, is in reality a Hydroid, and 
not a true coral polyp, as has always been supposed. That, 
finally, Millepora is a true Hydroid is proved, Moseley thinks, 
by the peculiar structure of the hydrophyton, the forms of 
the zooids, the absence of all trace of mesenteries, the ap- 
parent septa present in the tentacles, and by the presence 
of thread*cel)s of the form peculiar to the Hydrozoar The 
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living Millepora, unless handled with great care, severely 
stings the hand of the collector. 

We now come to Hydroids which throw off a free naked- 
eyed medusa from the hydrarium (Fig. 
39). From the centre of these free 
bell-shaped, minute jelly-fishes depends 
a hollow, open sac called the manu- 
briumy the cavity of which (stomach) 
opens into usually four canals, which 
radiate from the hollow or stomach in 
the centre of the disk and communi- 
cate with a canal following the margin 
of the disk. This is 
the water- vascular sys- 
tem, communicating 
directly with the gas- 
. ^ . tro- vascular cavity, or 

Fig. — Polypito of i -n / x 

CV)ryn« miroWH#, with a bud stomach. Four tcnta- 
bclow a, and medusa-bud . , ^ ^ 

(gonophorej at a. Mucheu- ClCS hang irom the 
la.gc<f.-A/torAga««ia. 

spots and otolithic sacs (simple cars) are usu- 
ally present and situated at regular inter- 
vals around the edge of the disk. Such is 
the typical form of all the free-swimming 
Hydroids. They are said, in a few cases, 
to possess a well -developed continuous ner- 
vous system, consisting of a nervous ring 
around the disk (Eomanes). They are bi- 
sexual, the ovaries or spermaries being de- 
veloped on the radiating canals, the embryo 
escaping into the surrounding water by rup- 
turing the walls of the ovary. 

The young is at first oval, ciliated all 
over the surface of the body, and is called a 
planula. The planula, as in Melicertum, a Fig. 40.— Free Medu- 
genus allied to Campanularia, and a type corym. 

of most marine Hydroids, at first spherical, becomes pear- 
shaped, and after swimming about for a time attaches itself 
to some object. It then elongates, a homy sheath {peri- 
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sure) tormB around it, tentacles arise around the month, 
finally the stem branches, new Hydroids arise, until a hy- 
droid community (consisting of trophosomes and gonosomes^ 
is formed, and in the following spring medusa-buds (gono- 
phores) arise, which become free (medusoids), and thus the 
reproductive cycle is completed. The developmental his- 
toiy of this Hydroid is a good example of what is called 
‘^alternation of generations.’^ 

Budding occurs in the medusa of Sarsia proUfera, in 
Hybocodon prolifer and Dysmorphosa fulgurans. Mul- 
tiplication by fission has been observed in the medusa of 
StomobracMnm. mirahile. The pendent stomach was seen 
by Kolliker to divide in two, becoming doubled, which act 
was followed by a vertical division of the umbrella, separat- 
ing the animal into two independent halves. These again 
subdivided, and Kblliker thinks this process went on still 
further. Haeckel has found in cutting off a portion of the 
edges of the umbrella of certain Thaumantim, that the frag- 
ment in a few days became a complete medusa. 

In the Tubularian Hydroids {Tuhularia, Hybocodon, Co- 
ry morpha, Monocaulus, etc., Fig. 41), 
the mode of reproduction is peculiar. 
From the medusa-buds (sporosac) is set 
free an embryo (actinula), which swims 
about or creeps on its tentacles, mouth 
downward. It then attaches itself by a 
disk like expansion of the posterior end, 
which forms a stem until the original 
Tubularia form is attained. 

A gigantic Monocaulm having sessile 
ovisacs, measuring seven feet four inches 
in height, and provided with a crown of 
tentacles nine inches across from tip to 
tip of the expanded, non-retractile ten- 
7\g. At.’-MonoeaiAug pm- tacles, was dredged by the Challenger 
Expedition at the depth of four miles. 
AUman suggests that such a deep-sea Hydroid could not, on 
aocount of the darkness and pressure of the water at such a 
great depth, produce free-swimming medus®. In Tiaropsis 
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there is no trace of a nervous system such as exists in 
Sarsia, where nerve-fibres extend around the margin and 
along the radial tubes (Eumanes), 

In the groups of Campanularim^ represented by Plumu- 
lariay Sertularia, Zygoddctyla, Dynamena, and Campanu- 
laria, the ectoderm is protected by a horny or chitinous 
sheath (perisarc) enveloping the zooids. The Hydroids re- 
tract, when disturbed, into small cells (hydrothecse), arranged 
in opposite rows on 

the stalk as in Sertu- \l 

laria (Fig. 42), or ^ 

singly at the ends of b 

the stalks, as in Cam- \ Mr 

panularia, while the 

sheaths {gonothecm) I jTi ^ 

protecting the medu- M I 

sa-buds are distin- rt h j / 

guished by their 
much larger size and 
cup-shaped form. 1 ^ 

The Sertularians wjJ 

abound on sea- weeds, W iL 

and may be recogniz- I / 1 

ed from their resem- 
blance to mosses. ^ 

They are among the j 

most common objects 

of the seaside. The \l£ J 

medusse of these and — 

TT j ^’—^Tbdaria adUHna of Europe. A, natural 

many other Hvdroids B, magnified, showing the hydrarium, with the 
, 1 * 1 1 cells.-— From Macallister. 

can be collected by a 

towing-net, and emptied into a jar, where they can be de- 
tected by the naked eye after a little practice. 

GraptoUtes.— More nearly allied perhaps to the Sertularian 
Hydroids than any other known animals are the Graptolites 
(Fig. 43), which were most abundant in the Lower Silurian 
period, and lingered as late as the Clinton epoch of the Upper • 
Silurian. In GraptolUhus Logani the hydroid colony (hy- 
drosome) is a long narrow blade, with a row of cells on one 



Order 2. Discophora . — We now come to medusea which 
differ from the Hjdromedusaa in 
developing directly from eggs ; 
in having usually no velum ; with 
branching gastro-vascular canals, 
and covered sense-organs. They 
intergrade, however, with the 
Hydroidea by the members of the 
group or sub-order Trachymedu- 
s(B, represented by the genera 
JEgineta, Geryonia, etc. These 
are small jelly-fishes, with often 
a remarkably long proboscis 
On>anuhrium) , as in Oeryonia^ 
and with either four single radi- 
ating canals, or, in addition, as 
in Geryonia^ a number of smaller 
canals on the edge of the disk ; 
or, as in a still more complicated 
form, Charyhdwa, the radiating 
canals are branched, thus con- 
necting this group with the true 
covered-eyed Acalephs, such as Aurelia, 

O. and E. Hertwig have fully confirmed HaeckePs discov- 
ery of the nature of the nervous system in the Geryonidm. 
They find that the nervous system is developed in the ecto- 
derm and consists of two “ ring-nerves*^ around tlie edge 
of the disk, formed of two filaments, one lying on the tipper, 
the other on the under side of the velum, immediately at its 
insertion. From this double nervous ring filaments are mnt 
off to the ganglia near the sense-organs. This sort of a 


Fig. 4&.—Monoara^tut pHodon. 
■* — ^ “'“w.— After Wicholson. 
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nervous system is present in the JEqnoridm and JEginidm, 
but is most distinct and best developed in the Geryonidm 
{Olossomdon and Oarmarina), 

The Hertwigs have also observed in these Trachynemid® 
organs of taste, consisting of groups of long stiff hairs at 
the base of the tentacles. They have been observed in 
Rhopalonema velaittm, Aglaiira nemistoma^ and in Cuninay 
where the hairs are shorter. 

The eggs, in developing, after total segmentation (morula 
state) pass into a ciliated planula state as in Aurelia, there 
being at first apparently no primitive gastric cavity; the 
body of the embryo or planula remains spherical, as in Gery- 
onia, there being a slight metamorphosis ; or, as in Poly- 
xenia and JEginopsis, where there is a decided metamor- 
phosis, the spherical ciliated planula greatly lengthens out 
on each side, the body becoming boomerang-shaped, each 
end of the boomerang becoming an arm or tentacle. Then 
it becomes a gastrula, a central cavity and mouth appear- 
ing. At right angles to the two primitive arms bud out 
two others, and finally others appear on the lower edge of 
the umbrella, and after slight changes the adult form is as- 
sumed. Cunina is at first spherical, then, a single arm 
developing, it becomes club-shaped ; finally, the full num- 
ber of arms grow out, and the mature form results. It ap- 
pears, then, that in the mode of development from eggs, 
without passing tlirough a hydra-like condition, and in the 
structure of the body, the Trachymedusce connect the cov- 
cred-eyed medusae with the naked-eyed or Hydroidea, The 
American forms live in the waters of the Carolina shores. 
Cunina octonaria McCrady lives in Charleston Harbor. 
Cuninahas been found by Haeckel growingon the columella 
of Geryonia, and McCrady has found that our native Cunina 
is parasitic on Ttirritopsis, a hydroid medusa. 

The Lucernarim, or Calycozoa, which, according to Clark, 
form an order of Acalephs, are, with Huxley, regarded as 
a suborder of Discophora, With essentially the structure 
of the Aurelia and allies, Lucernaria differs in having the 
power of attaching itself by a sucker on the smaller end of 
its body to sea-weeds, but can detach itself at will and swim 
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about like the Aurelia by alternate contractions and expan- 
sions of the umbrella. We will now enter into a more com- 
plete account of this group based on Clark’s characteriza- 
tion. The disk is more or less octagonal or circular, um- 
brella, funnel or urn-shaped, the end opposite the mouth 
ending in a pedicel, by which it is attached temporarily to 
sea- weeds. The mouth is square, and between the ectoderm 
and endoderm is a jelly-like layer constituting the musculo- 
gelatiniform layer (mesoderm) much as in Aurelia. This 
layer extends into the tentacles and marginal anchors, as 
well as into the pedicel. The cavity of the disk is divided into 
four quadrant chambers, separated by as many partitions, 
which extend from the mouth into the lobes nearly to the 
margin between the tentacles. The latter are arranged in 
eight groups or tufts just within the margin of the disk, at 
eight points, which alternate with the four partitions and 
the four corners of the mouth. The tentacles arc hollow, 
opening into the radial canals of the general cavity of the 
body, and end in a globular or spheroidal expansion, serv- 
ing as an organ of touch or prehension. In some forms, as 
Haliclystus auricula Clark, marginal anchors are situated 
at eight points, exactly opposite the four partitions and the 
four corners of the mouth ; they are originally tentaculiform, 
but in adult life form organs by which they adhere to or 
pull themselves from place to place. The sexes ar(rdistinct, 
the reproductive glands having the same position in each 
sex. Nothing is absolutely known of tile mode of growth 
of these animals, but development is supposed to be direct. 
Our common Lucernarian is Haliclystus auricula Clark. 
Its umbrella-shaped disk is an inch in diameter ; including 
the tentacles, an inch and a half ; the pedicel half an inch 
long. It ranges from Cape Cod to Greenland and south- 
ward to the coast of England, and may be found on eel- 
grass between tide-marks. 

According to A. Meyer, the end of the stalk when cut off 
produced a new disk, and even pieces cut off between them 
became complete Lucernarim^ evincing the extraordinary 
powers of reproduction in these interesting jelly-fish. 

Coming now to the true Discophora, jelly-fish, sea- 
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nettles, snn-fish or Acaleplis, of which there are about 
ninety known species on the eastern coast of the United 
States, we may study as the type of the suborder the 
common Aurelia flavidulor P6ron and Lesueur of our 
coast, which is closely allied to the Aurelia aurita of the 
European shores. It grows to the diameter of from eight 
to ten inches, becoming fully mature in August, the young 
appearing late in April in Massachusetts Bay, being then 
not quite an inch in diameter. The mature ones may be 
easily captured from a boat or from wharves. On a super- 
ficial examination, as well as by cutting the animal in halves 
and making several transverse sections with a knife, the lead- 
ing points in its structure may be ascertained. Its tough, 
jelly-like disk is moderately convex and evenly curved, while 
four thick oml lobes depend from between the four large geni- 
tal pouches ; the oral lobes unite below, forming a square 
mouth-opening, the edge of which is minutely fringed to the 
end of the tentacles. On the fringed margin are eight eyes, 
each covered by a lobule and situated in a peduncle, and 
occupying as many slight indentations, dividing the disk 
into eight slightly marked lobes. The subdivisions of the 
water- vascular canals or tubes are very numerous and anas- 
tomose at the margin of tho disk, one of them being in 
direct communication with each eye-peduncle. When in 
motion the disk contracts and expands rhythmically, on the 
average twelve or fifteen times a minute ; on the approach 
of danger they sink below the surface. 

While a distinct nervous system has not been discovered 
in Aurelia, Romanes suggests that there are primitive nervo- 
muscular cells, such as those shown by Kleinenberg to exist 
in Hydra, and he concludes, after a series of experiments 
on Aurelia aurita, that the whole contractile sheet of the 
bell presents not merely the protoplasmic qualities of ex- 
citability and contractility, but also the essentially nervous 
quality of conducting stimuli to a distance irrespective of 
the passage of a contractile wave. The later researches of 
0. and R. Hertwig show that the nervous system of 
Aealephae (Acraspedota or covered-eyed Medusse) is much 
more primitive than in the naked-eyed orcraspedote forms, 
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such as the medusae of the Hydroids and the Trachy- 
nernldcB. In the European Nausithoe alhida and Pelagia 
noctiluca no nerve-ring is present, for this is impossible 
owing to their deeply indented disks. There are instead eight 



Fiff. 44.— -Gastrula of an Aiiro- 
Ita-like Mediim. a, ]>rimitive 
mouth; fA pastro-vnK'ular cavity ; 
c, ectoderm ; d, endodeim. — 
After Metwchnikoff. 



Fig. 45.— Sc;^histoma of Avrtilla 
Jlavidttia, at different ages; magni- 
tled.— After Agassiz. 


separate nerve-tracts which unite with the sense-organs in a 
special elevation of the edge of the disk, forming so-called 
sense-bearers, whicli alternate with the eight tentacles. 
Aurelia anriia has a similar disconnected nerve system.* 
Eimer confirms these discoveries, and states that the ner- 
vous system in these Ilydrozoa arises from the ectoderm. 



AgasRlz. 

Aurelia ftavidula spawns in late summer, the females 
being distinguishable by their yellowish ovaries, the male 
glands being roseate, while the tentacles of the females are 


* Jenaische Zeitschrift, 1877, p. 855. 
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shorter and thicker than in the males. The eggs pass out 
of the mouth into the water along the channeled arms, and 
in October the ciliated gastrula becomes pear-shaped and 
attaches itself to rocks, dead shells, or sea- weeds, and then 
assumes a Hydra form with often twenty-foiir very long 
tentacles. This stage was originally described as a distinct 
animal under the name of Scyphistoma. In this Scjphis- 
toma stage (Fig. 45) it remains about eighteen months. 
Toward the end of this period the body increases in size 
and divides into a series of cup-shaped disks. These saucer- 
like disks are scalloped on the upturned edge, tentacles bud 



Fig. 4^.— Aurelia Jlavidula.—AUGr Agassiz. 


out, and the animal assumes the Strobila stage (Fig. 46). 
Finally, the disks separate, the upper one becomes detached 
and witli the oilier disks swims away in the Ephyra form 
(Fig. 47), when about a fifth of an inch in diameter, and 
toward the middle or end of summer becomes an adult 
Aurelia (Fig. 48). 

Though the Aurelia has lasso-cells it is not poisonous to 
bathers. ISTot so, however, with the gigantic Cyanea arctica, 
whose long tentacles are poisonous ; fishermen as well as 
bathers being often annoyed by them. This giant jelly-fish 
sometimes attains a diameter of from three to five feet across 
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the disk, though it is produced from a Scyphistoma not 
more than half an inch in heiglit. Pelagia campanella and 
a few other forms do not undergo this metamorphosis, but 
grow directly from the eggs. 

Various boarders or commensals — ^viz., temporary non- 
attached parasites — live in or under the mouth-cavity or be- 
tween the four tentacles of the larger Acalephs. Such is the 
little Ainpliipod Crustacean, Hyper ia^ which lives within 
the mouth, wliile small fishes, such as the butter-fish, swim 
under the uml)rclla of the larger jelly-fishes, Cyanea^ etc., for 
shelter and protection. Besides small animals of various 
classes, the larger jelly-fishes kill by means of their nettling 
organs small cuttle-fishes and true fishes, the animals being 
paralyzed Ijy the pricks of the minute barbed darts. 

Order 3. Siphonophora. — These are so-called compound 
llydroids, living in free-swimming colonies, consisting of 
polymorphic individuals, or, more properly speaking, zooids 
— that is, orgaiks with a strongly marked individuality, but 
all more or less dependent on each other. A Siphonophore, 
such as Phymlitiy for example, may be compared to a so- 
called colony of llydractlniay in which there are nutritive 
and reproductive zooids and medusa-buds. In Physalia 
there are four kinds of zooids — i,e. (1) locomotive, and (2) 
reproductive, with (3) barren medusa-buds (in which the 
proboscis is wanting), which, by their contractions and 
dilatations, impel the free-swimming animal through the 
water ; in addition, there arc (4) the feeders, a set of di- 
gestive tubes which nourish the entire colony. There are 
numerous genera and species (one hundred^ and twenty are 
known), whose structure is more or less complicated and 
difficult to understand without many figures and labored 
descriptions. We will select as a type of the order our 
Physalia Arethusa of Tilesius, or Portuguese man-of-war 
(Fig. 49), which is sometimes borne by the Gulf Stream as 
far north as Sable Island, Nova Scotia. It is excessively 
poisonous to the touch, and in gathering specimens on the 
shores of the Florida reefs wo have unwittingly been stung 
by nearly dead, stranded individuals, whose sting burns like 
condensed fire and leaves a severe and lasting smart. 
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The colony or hydrosome of the Portuguese man-of-war 
consists of long locomotivb tentacles, which, when the ani- 
mal is driven by its broad sail or float before the wind, 
stretch out in large individuals from thirty to fifty feet. 
These largo Hydra-like zooids are arranged in small groups, 
arising from a hollow stem com- 
municating with the chymiferous 
cavity extending between the in- 
ner and outer wall of the float. 

The feeders arc of two kinds, 
large and small, and are clustered 
in branches growing from a com- 
mon hollow stem, also communi- 
cating with the chymiferous or 
body-cavity. L. Agassiz, whose 
description of this animal we are 
condensing, states that he has 
seen these feeders ‘‘gorged with 
food almost to bursting,’’ but l)as 
never seen undigested food in 
any of the other organs. The 
medusa-buds (gonophores) arise 
from a third set of very small 
Hydras, but form very large clus- 
ters suspended between the clus- 
ters of feeders. These reproduc- 
tive zooids resemble the locomo- 
tive zooids, but, like the feeders, 
have no tentacles. The medusa- 
buds, which are male or female, 
arise singly, either from the base 
of the reproductive zooids or 
from the stems which unite the 
latter. These buds, as in Tuhu~ 

lariu, wither without dropping from their parent stock. It 
appears, then, that the floating hydrosome of a Siphon - 
ophore is like that of the fixed Hydractima or Coryne^ with 
the addition of locomotive zooids and a float, us seen in 
PJiysaliaf Vcklla^ or the swimming-bells of Halistemma. 
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The Siphonophores, as observed in Agalma^ Epihulia^ 
Agalmopsis, and other forms, arise from eggs which pass 
through a morula, planula, and gastrula stage. The further 
development of Agalmopms elegam, a Siphonophore native 
to the shores of New England, has been described by A, 
Agassiz as follows : In the earliest stage noticed tlie young 
looked like an oblong oil-bubble, with a simple digestive 
cavity. Soon between the oil-bubble and the cavity arise a 
number of medusa-buds, though without any proboscis 
(manubrium), since the medusa-buds are destined to form 
the “ swimming-bells,” which take in and reject the water, 
thus forcing the entire animal onward. After these swim- 
ming-bells begin to form, these kinds of Ilydra-like zooids 
arise. In one set the Hydra is open-mouthed, and is, in 
fact, a digestive tube ; its gastro-vascular cavity connecting 
with that of the stem, and thus the food taken in is circu- 
lated throughout the community. These are the so-called 
“ feeders.” The second set of Hydras differ only from the 
feeders in liaving shorter tentacles twisted like a corkscrew. 
In the third and last sot of Hydras the mouth is closed, and 
they differ from the others in having a single tentacle in- 
stead of a cluster. Their function has not yet been clearly 
explained. New zooids grow out until a long chain of 
them is formed, which moves gracefully through the water, 
with the float uppermost. 

All the Hy droids in their free state as medusae are more or 
less phosphorescent, and as much or more so after death, 
when their bodies become broken up, and the scattered frag- 
ments light up the waves whenever the surface of the ocean 
is agitated. From this cause tlie sea is especially phosphor- 
escent in August and September, when the jelly-fishes are 
dying and disintegrating. These creatures serve as food for 
the whalebone whales, which swallow them by shoals. 

The smaller species are abundant in the circumpolar seas, 
while in the tropics the Siphonophores are especially nu- 
merous, none occurring in the Arctic regions. The Hy- 
droids are widely distributed, a species of Campanularia be- 
ing common to the Arctic and Antarctic seas. The species 
occurring on the New England coast are in many cases 
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found in Northern Europe, being circumpolar in their range. 
A distinct assemblage of Sertularians, characterized by the 
large number of species of Phimularia, inhabits the Florida 
seas down to a depth of five hundred fathoms. Among 
the Discophora the Lucernarise are arctic as well as temper- 
ate forms, while Cyanea is peculiar to the Northern Hemi- 
sphere. Aurelia and Pelagia are cosmopolites, while Rhaco- 
piluSy PlacolSy and Lohocrocis are peculiar to the Southern 
Hemisphere. The larger number of species are tropical and 
sub-tropical. As regards their bathymetrical distribution, 
while several species extend to the depth of five hundred 
fathoms, Monocaiilus flourishes in gigantic proportions at 
the enormous depth of four miles. 

The range in geological time of the Piscopliora extends 
to the Jurassic period (middle Oolitic), largo species of jelly- 
fishes occurring in the Solenhofen slates. The genus ////- 
dractima first appeared in the Cretaceous period. Grapto- 
lites were common in the shales of the Potsdam jieriod, so 
that if Graptolites are Acalephs, the latter are probably as 
old a type as any, being contemporaneous with trilobites, 
brachiopods, mollusks, worms and sponges. 


Class I.— THE HYDKOZOA. 

Body in its simplest form a sac attached by iheciboral end, composed 0} 
three cell-layers, with a mouth and gastro vascular cavity, and in all cases, 
except Protohydra, pi'ovided with tentacles, which are h/)Uow, forming coru 
tinuations of the body cavity. The body {hydrosome) usually differentiated 
into two sorts of zooids, nutritive {polypites) and reproductive {gonosomes), 
connected by a common stem or nutritive canal {comosarc), the gonosomes 
pi'oduci)vg medum-buds {gonophores), which on being set free are called me- 
duace {or medusoids) and are bisexual,* In these medusm the body is disk 
or helUshaped, the jellydike parenchymatous substance composing the disk 
constituting the mesoderm. From the gastro-vascular cavity four primary 
qoMro-msauLar canals radiate and anastomose with a marginal circular 
canal. No distinct organs of circulalion, the blood being sea-water con- 
taining the chyme and a few odorless Uood-corpuscles. A true nervous 
system rarely present, but when dexdoped in certain medusoids, forming a 

* Agaesi* saw in Rhlz<>geton, a form allied to Hydractinla, a gonophorc which had 
discharged its contents, degcneratiiig into apolypite or hydra, and its body elongating 
and developing tentacles. Allman observed the same thing iu Cordylophora. 
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thread-ring around the disk, and with ganglia near the sense-organs. In 
Hydra the nervous system is represented by nervo muscle cells; sense- 
organs usually present, represented by simple eyes and auditory vehicles 
(lithocysts), the two not usually coexisting. Nettling organs (nemalocysts) 
usuaUy present, and especially characteristic of the cIom, being most abun^ 
darU on the tentacles. 

The sexes tardy united, muaUy distinct. Often a high degree of poly- 
morphism in the individual hydrosome, tl^e animal being differentiated not 
only into polypites and gonosomes, but, in the free-swimming forms, into 
locomotive zooids. lUproduciion takes place by budding, and by fertilized 
eggs developed in glands attached to or dependent from the primary ra- 
diating canals. Tivc species undergo either a slight or marked metamor- 
phosis, the free gonophores being medusa {or medusoids), which produce 
ff'om which in some Diseophora {such as Aurelia) arise successively 
a morula, gastrula, planula, scyphistoma, strobila, and adult medusa, 
representing distinct stages of growth. 

Order Hydroidea . — The individual either not differentiated into 
zooids, as in Protohydra and Hydra, or consisting of nutri- 
tive and reproductive zooids forming a compound, station- 
ary, branching, moss-like body (l^ydrosome), the medusa- 
buds remaining on the gonosomes or becoming free medusae, 
with usually four simple radiating canals, a velum, manu- 
brium, and naked eyes. Hydrosome either naked or as in 
Sertularia, etc. , protected by a horny sheath, or forming, as 
in MiUepora and Ilelioliies, a massive corallum. Suborder 1. 
TuhularioB {Hydra, Clava, Hydractinia, Millepora,Tubularia). 
Suborder 2. Campanulai'm (Pliimularia, Dynamena, Cam- 
panularia, -^quorea, Zygodactyla). 

Order 2. Discophora.—Nladn^ like those of the Hydroids, hut with 
the four primary radiating canals usually subdividing into 
numerous branches, the eyes more or less covered by a flap ; 
the velum often absent ; often four genital pouches, dis- 
charging eggs into the gastro-vascular cavity ; usually of 
large size, and developing either directly from eggs, or, as 
in Aurdia, passing through a gastrula, scyphistoma, and 
strobila stage, not being developed from a hydra-like poly 
pite. Suborder 1. Traxhymedvm (^Egina, Cunina, Gery- 
onia, Charybda?a). Suborder 2. Luceniarim (Lucemaria). 
Suborder 3. Acalephm (Pelagia, Cyanea, Aurelia, Rhizos 
toma). 

Older Z. Siphonopdiora. — Free-swimming, polymorphic hydrosomes. 

with nutritive, feeding, reproductive and locomotive zooids. 
Suborder 1. Physopharm (Agalma). 2. PhysaUm (Physalia). 
3. Ctdycophorm (Diphyes), 4. Diseoidea (Velella, Porpita). 
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Note. — Stephaiiocyplim vumbiUs AlJmau is the type of a new order 
of Hydrozoa called by Allman Thecomcdusm. The animal permeates 
and is parasitic in sponges. Although a Hydrozoan, it is not a 
Hydroid, and cannot be referred to any of the existing orders of the 
Hydrozoa. The chitinous tubes which permeate the sponge-tissue are 
united toward the base of the sponge, and constitute a colony of zooiils. 
In many respects it is said to resemble the Gampanularice. 


View op the Classification of tub Hydrozoa. 

Siplmwpliora. 

(Phyealla.) 


DUmphora 

(Aurelia.) 


Hydrozoa. 

Tjihoraiory Work , — The common Hydroids, such as Coryne, Seriu- 
laria, etc., may bo collected from seaweeds or the piles of wharvc.s 
between tide marks, while the medusa? may be obtained by the 
hand-net, or tow net from a boat. The medusoB especially abounfl 
in cddie.s off points of land where different currents of the sea meet. 
Towing is most effectively pursued after sunset and early in the even- 
ing, when the sea is calm, and the jelly-fish swim near the surface. 
They should be placed in the jars by inverting the net in the water of 
the jar, and examined at once, as many will have perished by the next 
morning. Jelly-fish can also be reamd in roomy aquaria, in which 
plenty of air is introduced by running water. 

The larger medusae, such as Aurelia and Gyanm, should be sliced 
in sections in order to study their gross anatomy, and portions .snipped 
off with scissors to lie examined with tlie microscope. The animals of 
Sertularians, Coryne, etc., can be studied alive in animalculc-l)oxes 
and growing-cells. The coral stock of Millepora was examined by 
Moseley in ground section.s. “ Portions of the living coral were placed 
in absolute alcohol, chromic acid, and glycerine ; portions were further 
treated with osmic acid and transferred to glycerine or absolute alcohol. 
Fragments of the hardened coral were afterward decalcified with 
hydrochloric acid, and the residual soft structures were cither mounted 
entire for examination, or cut in the u.sual manner into fine vertical 
and horizontal sections, wliich were then stained with carmine or 
magenta. Tlic specimens hardened in osmic acid, and decalcified after 
subsequent immersion in absolute alcohol, yielded the best histological 
results.” 


ITydroidea. 

(Hydra.) 
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While the jeHy-fiehes should be studied alive, the larger ones can be 
preserved in alcohol, after being killed by the gradual addition of 
alcohol to the sea-water in which they are living. The small medusae, 
as well as NocUlvm and the Ctenophores, have been preserved with suc- 
cess by E. Van Beneden, by the use of a solution of osmic acid or of 
picric acid. Osmic acid hardens the tissues so that fine sections can 
be made, audit colors black the greas3’’ matters, and especially myoline, 
a chemical substance usually found in the nervous system, and enables 
us to trace well the limits of the cells. The small jelly-fishes may Ikj 
placed in a very weak solution of osmic acid (J to per cent, of 
water) varying with the size of the animal, for from fifteen to twenty* 
five minutes, when the animal turns brown. This brings out cleaily 
the gastro- vascular canals. The specimen can then Ijc placed in strong 
alcohol, without losing its form and transparence. These animals and 
all other transparent animals can be well kept in a concentrated, watery 
solution of picric acid. Professor Semper tells us that all soft animals, 
worms as well as liydroids and polyps and mollusks, may be killed ex- 
panded in chromic acid (U per cent), or in acetic acid of variable 
strength, and then preserved in alcohol. 


Class II.—The Actinozoa {Sea- Anemones and Coral 
Polyps), 

General Characters of Actinozoans.— So persistent is the 
form and structure of the body in these animals, that a 
study of the common sea-anemone will enable the student 
to readily comprehend the leading and most fundamental 
characteristics of the class. 

The common Actinia of our coast {Metridiimi marginatim) 
is to be found between tide-marks on rocks under sea- weeds, 
or in tidal pools, but grows most luxuriantly on the piles of 
bridges. It readily lives in aquaria, where its habits may 
be studied. An aquarium may be improvised by using a 
preserve-jar or glass globe, covering the bottom with sand, 
with a large flat stone for the attachment of the sea-ane- 
mone. By placing a green sea-weed (ulva) attached to a 
stone in the jar, and filling it with sea-water, the animal 
may be kept alive a long time. After observing the move- 
ments of the crown of tentacles as they are thrust out or 
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withdrawn, specimens may be killed expanded by the grad- 
ual introduction of fresh water, or by plunging them into 
picric acid. They should then be transferred to the strong- 
est alcohol, and allowed to soak in it for two or three days 
until the tissues become hard enough to cut well Then 
vertical and transverse sections may bo made with a sharp 
knife. The first fact to observe is, that an alimentary canal 
is much more clearly indicated than in the Hydrozoa, there 
being a distinct digestive sac, separate from the body-walls, 
hanging suspended from the mouth-opening, and held in 
place by six partitions or septa (mesenteries), which divide 
the body-cavity into a number of chambers. The digestive 
sac is not closed, but is open at the bottom of the body, 
connecting directly with the chambers, so that the chyme, 
or product of digestion, passes down to the floor of the 
body, and then into each of the chambers ; thus, by the 
movements of the cilia lining the body-cavity, the chyme, 
mixed with the blood, is distributed throughout the body ; 
this rude mode of circulation being the only means of dis- 
tribution of the nourishment contained in the circulating 
fluid, there being no distinct canals, as in the Hydrozoa. 
These mesenteries may be best studied in a cross-section of 
the animal after being hardened. It will be found that 
there are six pairs of complete or primary septa or partitions 
(mesenteries) which hold the stomach in place, and a num- 
ber of pairs of shorter ones of unequal length between the 
complete ones. There are never less than twelve of the 
secondary partitions, even in the young, and when more 
numerous they occur in multiples of six (Clark). On the 
free edges of these shorter mesenteries, which do not extend 
out to the stomach, there is a mass of long coiled filaments, 
the mesenterial filaments (erdspeda. Fig. 50, cr), which con- 
tain lasso-cells, situated in a peripheral layer, while the fila- 
ment is hollow and contains gxtanin. In dissecting the 
sea-anemone these mesenterial filaments are always more 
or less in the way, and have to be carefully removed so as to 
expose the ovaries and adjoining parts. They press out of 
the mouth and the cinolides (small openings through the 
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body-walls), not always present, and end of the tentacles, 
and thus come in contact with animals forming their food. 
The ovaries and spermaries can be distinguished by their 
forming masses of closely convoluted tubes much thicker 
than the mesenterial lilaments, and situated on the outside 
next to the free edge of each mesentery ; they are also of a 
pale lilac tint in Metridium marginatum (Fig. 50, o). They 
are not easily distinguishable from each other by the naked 
eye. The ligure shows at the base of the body the free 
edges of the mesenteries {m) of different heights, with the 
spaces between them through which the chyme passes into 

the body-cavity. For the com- 
plete passage of the circulating 
fluid the six primary mesenteries 
are perforated by a large orifice 
(o/>) more or less oval or kidney- 
shaped in outline (Fig. 50). The 
digestive sac is divided into two 
divisions, the mouth and stomaeh 
proper, the latter when the ani- 
mal is contracted being much 
shortened, and with the walls 
vertically folded, as seen in the 
cut. 

In the tentacles are lodged the 
lasso-cells or nematocysts, and 
the tentacles are hollow, com- 
municating directly with a cham- 
ber or space between the mesen- 
teries, and are open at the end. When a passing shrimp, 
small fish, or worm comes in contact with these tentacles, 
the lasso-cells are thrown out, the victim is paraly.'sed, other 
tentacles assist in dragging it into the distensible mouth, 
where it is partly digested, and the process is completed in 
the second or lower division of the digestive canal. The 
bones, shells, or hard tegument of the animals which may 
be swallowed by the Actinia are rejected from the mouth 
after the soft parts are digested. Pigment-cells, which are 



Pig. .V).— Partly diagrammatic 
sketch of the anatomy of an Actinia 
(Metridium) with the tentacles dis- 
proportionately enlarged, s, stom- 
ach ; m, mesenteries, or septa ; o, 
ovary ; ci, cinclis ; cr, mesenterial 
fllamoiits; e, eyes; ryj, orifice through 
the septa.— -Drawn by J. S. Kingsley, 
under the author’s direction. 
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supposed to be liver-cells, are said to be situated in the walls 
of the stomach, and the mesenterial filaments have been sup- 
posed to act as kidneys in taking up and excreting the waste 
products of digestion, but this has not been proved and seems 
improbable. The blood, or sea-water, mixed with particles 
of food chylaqueous fluid the result of digestion, was 
supposed by Williams to represent the chyle of higher ani- 
mals and to contain white blood-corpuscles, but this has 
been denied by Lewes ('* Sea-side Studies’") on apparent good 
grounds. Bilateral or right and left symmetry is faintly in- 
dicated in the young and old Actinia, as well as in some 
corals, as pointed out by Clark. 

While no true nervous 83^8 tern is known to exist in the 
Aciuiozoa, Duncan has discovered in the base of the body a 
plexus of fusiform ganglionic cells connected by nerve-libres. 
Isolated nerve-cells have been discovered by Schneider and 
Rotteken near the pigment-cells or supposed eyes at the 
base of the tentacles of the Actinia. In connection with 
these nerve-cells are certain round refractive cells (Ilairnean 
bodies) and other long cells, called the Rotteken bodies. 
The former are thought by Professor Duncan to carry light 
more deeply into the tissues than the ordinary epithelial 
cells. This is also the case with the elongated Rotteken 
cells and others similar to them, called hac/illi. All these, 
when brought together in this primitive form of eye, 
“concentrate and convey light with greater power, so 
as to enable it to act more generally on the nervous sys- 
tem probably not to enable the distinction of objects, but 
to cause the light to stimulate a rudimentary nervous sys- 
tem to act in a reflex manner on the muscular system, which 
is highly developed.’’ (Duncan.) 

Nearly all the Actinozoa increase by budding, new indi- 
viduals arising at the base or edge of the pedal disk of the 
old ones. Clark has seen in Metridmm marginatum as 
many as twenty buds separate from the parent sea-anemone. 
“ As in Hydra they arise as simple rounded protuberances, 
but in a short time six short tentacles make their appear- 
ance at the free end, and a minute oblong aperture, the 
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mouth, is found in thoir midst in such a way that its two 
ends have a tentacle opposite each, and the other four dis- 
posed two on one side and two on the other. Within, the 
organs arise at points corresponding to the position of tliose 
outside. The semi-partitions, twelve in number, begin as 
mere ridges, which extend in pairs from the anterior end of 
the stomach along the oral wall toward its border.” Adult 
Actiniae sometimes, though rarely, subdivide longitudinally, 
but it is not uncommonly observed in the corals, in which 
cases only the heads and stomachs divide, the general cav- 
ity remaining common to the two. 

The development of Actinia 7nesemhryantlienium has been 
traced by Lacaze-Duthiers. The young Actinia attains 
maturity without any metamorphosis. The egg is supposed 
to undergo segmentation within the ovary. In the state in 
which the embryo was observed by Lacaze-Duthiers it was 
oval and surrounded by a dense coat of transparent conical 



spinules. Soon the two primitive germi- 
nal layers (ectoderm and endoderm) 
were observed. Two lobes next appear 
witliin the body ; these subdivide into 
four, eight, and finally twelve primitive 
lobes. This stage is represented by the 
corresponding stage of the coral (Fig. 55, 
B). Kot until after the twelve primitive 
lobes are fully formed do the tentacles 


Fifj. 51. -Ciliated lana begin to make their appearance. When 
^mailoopcni^ofbii^- the first twelve tentacles have grown out, 
.r twenty-four more arise, and so on, until 
-After MetPchnikoff. increasing size the Actinia is 

provided with the full number peculiar to each species. 
Lacaze-Duthiers observed the same changes in two species 
of Sag^xrtia, and in Bunodes gemmneea. Fig. 51 represents 
the cHiated gastrula of an unknown polyp allied ioKalliphohe. 

Meiridittm and Bunodes are types of the ordinary 
form of Actinoids, certain forms, like Halcmnpa producta 
Stimpson (Fig. 52), are quite long and live fixed in the 


mud or sand. Allied to Halcampa is Edtoardsia^ which 
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lives in deeper water. Its young, however, is at an early 
stage of its existence a freo-swimming polyp, whteh was 
originally described as an adult animal under the name of 
Arachnactis. In Zoanthtis the tegument is tougli and 
leathery, and the different polyps are con- 
nected by stolons. Epizoanthus americanus 
Verrill lives in deep water, off the coast of 
New Jersey and Southern New England, in 
about twenty fathoms. Cerianthns, a gigantic [ISII 
form, a native species of which {C. borealis lla 
Verrill) lives at the depth of one hundred 
fathoms in the Gulf of Maine deeply sunken 
in the mud, where it secretes a shiny leathery llilffipj 
tube, is perforated at tlie end of the body ; 
the young of a corresponding European 
species is also free-swimming, like the young :|m|| 
Edwardsia. wil 

The coral polyps differ from the Aetinoids if/ fim 

in secreting in the mesoderm a limestone |( ijy 

base, from wliicli arise in the Zoantharian \\i(i 
corals stony septa serving as a support to the J)\m 
animal ; these septa are deposited or secreted jjjl , 
in the chambers, so that in the coral polyp ^// 
there are soft partitions alteimating with the 
limestone ones, the latter formed at the base 
of the polyp, not completely filling the inter- carti^Hi jnvductii. 
mesenterial chambers. -Alter mm. 

Order 1. Zoantharia. — We will now enumerate some of 
the leading forms of the first order of Aiithozoa, the Zoan- 
tliaria^ to which the sea-anemones and most of the stony 


carnim pivductu. 
-After Vmill. 


corals belong. The group is called by some recent authors 
Hexacoralla, the number of primary chambers and tenta- 
cles being six, the latter rounded, conical, or filiform. In 
the simple cup-shaped corals, as Deltocyatlms and Caryo- 
pliyllia, the coral forms a cup or theca, the lamella? which 
arise from the base terminate in as many septa, the spaces 
between which are termed locxdi. A central pillar or col- 
umn formed by the union of the septa, or arising indepen- 
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dently, is called the columella, while the small separate pillars 
between the columella and the septa are termed palulL In 
the compound or tree-like corals, each young coral polyp 
forms a calicle^ theca, or limestone support of its own, which 
unites with the other by calcification of the connecting sub- 
stance of the common body. This intermediate layer is 
termed cmnenchyma (Huxley). 

The simpler corals consist of but a single calicle contain- 
ing one polyp, as in Flahellum, Deltocyathus, *and Caryo- 
phyllia. They live free, fixed in the mud in deep water, 
and occur in water with a temperature of about 32° Fahr. 
Flabellum anyulare Moseley has been dredged off Nova 
Scotia in 1250 fathoms. 

Deltocyathus Agassizii, which is not uncommon in the 
Florida channel, at depths varying from sixty to three hun- 
dred and twenty-seven fathoms, has been dredged by us at the 
mouth of Massachusetts Bay, in one liundred and forty fath- 
oms (temperature 39^ to 42"’ Falir.). An allied form is 
Ulocyathus arcticus Sars, said by Duncan to be the same as 
Flabellum lacinxatuyu Edwards and Haime, a fossil of the 
late tertiary, dredged by us in one hundred and fifty fath- 
oms, near St. George’s Banks, Gulf of Maine. 

In the family of which Oculhia, the eye-coral, is a type, 
the polyp stock is compound, branched, increasing by lat- 
eral buds. Lophohelia prolifera Pallas (Fig. 53) occurs 
in the seas of Norway, and has likewise been found to occur 
on the banks off Nova Scotia and Newfoundland, while it 
lives in the Florida Straits, in from 195 to 315 fathoms. 

In Mmandrina, or the brain-coral, Favia, Astreeam^ 
trangia, we have representatives of the important group 
Astrmacca, in whicli the corallum is massive, more or less 
hemispherical, and* the polyp-cells or calicles are distinctly 
lamello-radiato within, and generally so without. Budding 
is usually carried on by division of the disks, or by spon- 
taneous fission. In Mnssa the polyps are sometimes two 
inches in breadth, as large as ordinary Actiniae. Diploria 
cerebriformis Edwards and Haime is a brain-coral which is 
common in the West Indies imd at the Bermudas, some- 
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times growing to a diameter of throe feet. Tlie common 
large West Indian brain-coral is Mmandrina lahyrintldm. 

In Adrma pallida Dana, of the Feejee Islands, the polyps 
are pale, the disks bluish gray, and the tentacles whitish. 
The polyps of many corals are beautifully colored. Those 



Fig. ^A.~Lophohdia prolifera.—Miax Wyvillc-'I'lioiupwni. 


of Astrangia Danm Agassiz are white. In this coral, as 
observed by Dana, the polyps stand prominently above tlie 
calicles, as only their bases secrete coral. The tentacles 
have minute warty xnomiuences, each full of lasso-cells. 
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This coral ranges as far north as Nantucket and Buzzard’s 
Bay. In the mushroom corals, Fxingia, the large corallum 
is the secretion of a single i>olyp which may be a foot in 
length. Large branching corals abound on the reefs of 
Florida, the most abundant of which grows nearly two feet 
high and branches out like the horns of a deer. Such is 
Madrepora cervicornis Lamarck. 

While agamogenesis or alternation of generations is rare 
among the Actinozoa, Semper has observed two species of 
Fungia which he considers to reproduce in this way. The 
corals bud out from a branched stem, and then become 
detached and free, as is the habit of the genus.” Moseley 



Fig. 64 .— Coral polyi* {Aslroldes calpcuim'is) expanded.— From Teimey's Zoology. 

also describes a similar case of production of throe or four 
generations in a Tahitan species of Ftmgia. 

As a good example of the mode of development of one of 
the suborder Madreporaria, we will, with Lacaze-Duthiers, 
study the development of Astroides calycularis Pallas. 
The period of reproduction takes place between the end of 
May and July, the young developing most actively at the 
end of June. Unlike Actinia, which is always hermaphro- 
ditic, this coral is rarely so, but the polyps of different 
branches belong to different sexes. 

As in the other polyps, including Actinia, the eggs and 
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spermatic bodies rupture the walls of their respective glands 
situated on the fleshy partitions. As in Actinia, Laeaze- 
Duthiers thinks the fecundation of the egg occurs before it 
leaves the ovary, when also the segmentation of the yolk 
must take place. Unlike the embryo Actinia, tlie ciliated 
young of the coral, after remaining in the digestive cavity 
for three or four weeks, make their way out into the world 
through the tentacles. The appearance of the young, when 
first observed, was like that in Fig. 55, being an oval. 


ciliated gastrula with a small mouth and a digestive cavity. 

The gastrula changes into an actinoid polyp in from 
thirty to forty days in confinement, after exclusion from the 
parent, but in nature in a 
less time, and it probably 
does not usually leave the 
mother until ready to fix 
itself to the bottom. 

Before the embryo be- A 
comes fixed and the tentacles 



arise, the lime destined to 
form the partitions begins 
to be deposited in the on do- 
derm. Fig. 55, C, shows the 
twelve rudimentary septa. 
These after the young polyp 



or ‘‘ actinula” has become 


stationary, finally enlarge 
and become joined to the 
external walls of the coral 
now in course of formation 


Fig. 55. ~nev(‘lopmcnt of a coral polyp. 
Astroid smlyrularU. ciliated gagmila; 
B, young polyp with ISfg^pta; (7, 1), young 
polyp farther advanced, with 12 tentacles; 
c, the corallum and limegtone nepta begin- 
ning to form.— After Iiacaze-Dutnieri«. 


(Fig. 55, C, c), forming a groundwork or pedestal on which 


the actinnla rests. D represents the young polyp resting 


on the limestone pedestal. 

Lacaze-Duthiers found that the embryo polyp which had 
been swimming about in his jars for nearly a month, sud- 
denly, within the space of three or four hours after a hot 
sirocco had been blowing for three days, assumed the form 
of small disks (Fig. 55, B), divided, as in the Actinia, into 
twelve small folds forming the bases of the partitions w'ithin. 
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The tentacles next arise, being the elongation of the 
chambers between the partitions, six larger and elevated, 
six smaller and depressed (Fig. 55, D), The definitive form 
of the coral polyp is now assumed, and in the Astroides it 
becomes a compound polypary. 

Tliero are but few fac^8 regarding the rate of growth of 
corals. Pourtales states that a specimen of Mwandrina 
lahyrinthica, measuring a foot in diameter and four inches 
thick in the most convex part, was taken from a block of 
concrete at Fort Jefferson, Tortugas, which had been in the 
w''ater only twenty years. Major E. B. Hunt calculated 
that the average growth of a Maeandrina obseived by him 
at Key West was half an inch a year. From the observa- 
tions and specimens collected by Mr. J. A. Whipple, as 
stated by Vcrrill, a Madrepora found growing on the wreck 




of the Severn grew 
to a height of sixteen 
feet in sixty-four 
years, or at the rate 
of three inches a 
year. 

Tiie group Jiugosa 
o f Milne-Edwards 


Fig. .56. — a, JIaplophyllia paradora ; h. vertical sec- 
tion; c, callcle from above.— After Fourtalep. 


and Haime contains 
a large number of 


palfieozoii? corals, which ai’e mainly characterized by having 


four primary septa, the number in most living corals lieing 


six ; and also by intracalicinal gemmation, which also occurs 


in a few Caryophyllids and Oculmids. 


Pourtales has doubtfully referred to this group his Haplo^ 
phyllia paradoxo. (Fig. 50) which inhabits the Florida 
Straits at a depth of over three hundred fathoms. The 


nearest known fossil ally of this interesting coral is Calo- 


phyllum profundum Germ., which is fossil in the Dyas for- 
mation. Duncan describes Giiynia annulata^ another deep- 
sea coral, as a recent Rugose tetrameral coral. Moseley 
suggests from a study of Heliopora, together with Crypto- 
hdia and other StylasteridcB^ that “ the marked tetrameral 


arrangement of the septa in Rugosa, and the presence in 
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many forms of tabulae, are certainly characters not opposed 
to the alliance of these corals with the Alcyonarians,'’ and 
gives other reasons of importance in favor of this view. 

The group of Antipathea, represented by Antipafhes nr- 
horea Dana, of the Feejee Islands, produce compound 
groups by budding, growing in the form of delicate shrubs. 
The polyps have usually six tentacles, though in Gerardia 
they have twenty-four. 

Order 2. Alcyonaria . — To this group of polyps, which 
have eight serrated or feathered tentacles, belong the red 
coral of commerce, the sea-fans and sea-pens, in which there 
are no calcareous septa, and in which the corallum has, as iji 
the sea-fans and sea-pens, a bony axis, while the fleshy por- 
tion (coenosarc) represents the mesoderm and is filled with 
calcareous spicules. 

In the genera Haiinea, Alcyonium, I'ubipora, etc., the 
polyps are encrusting, budding out in different ways, and 
adhere to foreign bodies by the comenchyma. Haiinea is 
simple, consisting of but a single polyp. In Alcyonium 
the camenchyjn is much developed, soft, lobiilated, and 
brandling. Our common species is A. carneiim Agassiz. 
In Tuhipora the polyps arc compound and secrete solid 
calcareous, bright red tulies, arranged side by side, like the 
pipes of an organ, and supported by horizontal plates. 

In the common red coral {Corallium ruhrim) of the 
Mediterranean Sea, the solid, unjointed coral-stock consists 
of a crystalline basal mass, with calcareous spicules solidly 
united. The bright red coral is worked into various orna- 
ments. The coral fishery is pursued on the coasts of Algiers 
and Tunis, where assemble in the winter and spring from 
two hundred to three hundred vessels. The coral-fishermen, 
with large j*ude nets, break off the coral from the submerged 
rocks. About half a million dollars’ worth of coral is annu- 
ally gathered. 

Heliopora, now proved by Mr. H. N. Moseley to be an 
Alcyonarian instead of an Actinoid polyp, differs from 
Corallium and Tuhipora ‘‘ in that the hard tissue of its 
corallum shows no signs of being composed of fused spic- 
ules.^’ This genus, together with Polytremacis and the 
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Silurian HelioUtes^ form, according to Moseley, a new 
family of Alcyonarians in which the corallum consists of an 
abundant tubular coenenchym, with calicles having an 
irregular number of pseudo-septa, which do not, however, 
correspond with the membranous mesenteries. The polyps 
are completely retractile, with the tentacles when retracted 
introverted. The mouths of the sacs lining the coenenchy- 
mal tubes are closed with a layer of soft tissue, but com- 
municate with one another and with the calicular cavities 
by a system of transverse canals (Moseley). Heliopora coerii- 
lea grows on coral reefs at the Philippine Islands and at 
Singapore. 

In the family of sea-fans {Gonjonidm) the coral-stock is 
horny or calcareous, branching tree-like, or forming a flat 
network. The short calicles of the single retractile polyps 
stand perpendicularly to the axis, communicating by longi- 
tudinal vessels and branching canals. Gorgonia {Rhipigor- 
gia) flahellwn Linn, is red or yellow and abundant on the 
Florida reefs. In the Arctic seas and the deeper, colder 
waters of the Newfoundland Banks and 8t. George’s Banks, 
Prinmoa reseda (Pallas) and Faragorgla arborea (Linn.) 
grow ; tlie latter being of great size, the stem as thick 
through as one’s wrist, and the whole corallum over five feet 
in height. 

In the family of sea-pens {Pemiai uUdce) the polyp-stock 
is free, growing in the sand or mud, usually with a bony 
axis supporting the polyps, and capable of moving at the 
base. In Pennatula, or the sea-pen, there are secondary 
branches in which the polyps are situated ; this polyp is 
phosphorescent ; one species (P. acxdeata Danielssen) lives 
in deep water. An Arctic form, Umbellularia groenlandica, 
is a gigantic form, growing about four feet high, in from 
three hundred to two thousand fathoms. The species of 
Renilla are kidney-shaped, with the polyps placed on one 
side. Renilla reniformis Cuvier is a rich purple species, 
occurring in the sand at Charleston, S, C. According to 
Agassiz, this animal is remarkably phosphorescent, emitting 
“ a golden green light of a most wonderful softness.” 

While coral reefs are in part composed of Alcyonarians, 



FOHMATTON OF CORAL RKKFS. 


87 


Polyzoa, and certain plants called Nullipores, the Madrepo- 
raria in the main are the true reef-builders. They are con- 
fined to waters in which through the coldest winter month 
the temperature of the water 
does not fall below G 8 ° F., 
though usually the waters are 
much warmer than this, the 
mean annual temperature be- 5 
ing about 73i" F. in the North 
Pacific and 70® F. in the 1 
South. Coral reefs are abun- 
dant in the West Indies, but 
still more so in the Central ^ 

Pacific, where tlicre are a 
much greater number of spe- 
cies of corals (Dana). Along | 

the Brazilian coast, as far I 

south as Capo Frio, are coral 
reefs (Ilartt). In depth living | 
coral-reef-builders do not ex- 2 
tend more than fifteen or | 
twenty fathoms below the sur- I 
face. ^ 

Coral reefs are divided by ^ 

Dana into outer or barrier 
reefs (Fig. 57) and inner reefs. | 

The barrier reefs are formed | 


from the growth of corals ex- | 
posed to the open seas, while ^ 
the inner or fringing reefs § 

(Fig. 57) are formed in quiet |. 
water between a barrier reef P 
and the island. As coral 
reefs arc usually built upon 
islands which are slowly sink- 
ing, barrier reefs are simply 
ancient fringing reefs formed when the island stood higher 
above the sea, hence they are built up as rapidly as the land 
sinks, and thus the top of the reef keeps at the level of 
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the sea* The reefs are often of great thickness, for, as 
Dana says, ‘‘ could we raise one of these coral-bound islands 
from the waves, we should find that the reefs stand upon 



the submarine slopes, like massy structures of artificial 
masonry ; some forming a broad flat platform or shelf 
ranging around the land, and others encircling it like vast 
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ramparts, perliaps a hundred miles or more in cirouit/’ 
Darwin has estimated that some reefs in the Pacihc OeeuTi 
are at least 2000 feet in thickness. 

Thus far we have spoken of reefs surrounding mountainous 
Islands ; coral islands or atolls (Fig, 58) resemble such reefs, 
except that they surround a lake or lagoon instead of a liigh 
island, the coral island itself being stddom more than ten or 
twelve feet above the sea. and usm-dly supporting a growtli of 
eocoanut trees, while the sea may be of great depth very near 
the outer edge of the atoll, which “ usually seems to stand as 
if stilted up in a fathoml(‘ss sea (Dana). These rec'fs and 
atolls are formed and i‘aised above the sea by the artiou of 
the winds and waves, in breaking up the living corals, 
comminuting it and forming with tlie dtbris of shells and 
other limestone-secreting animals and plants, banks or de- 
posits of coral mixe<I with a chalky limestone, as the base of 
the reef. AYhen it rises above the waves, oocoaniits and oilier 
seeds are caught and washed up on the toj), and gradually 
the island becomes large enough to suppoj-t a few human 
beings. The Ikuauudas are the remnants of a single atoll, 
and are situated farther from the erjuator than any other 
reefs. Most barrier reefs and coral islands or atolls are 
formed in an area of subsidence, where the bottom of the 
ocean is gradually sinking ; this acjcounts for tlio petailiar 
form and great thickness of many reefs. On the other 
hand, the coral reefs of the West Indies are, gejierally 
speaktiig, in an area of elevation. 

A section of a coral reef is shown by Fig. 50: n is the point 
wliere the shore slopes rapidly down within the lagoon 
(which lies to the right), and m is wliere the reef suddenly 
descends toward the open ocean. Between h c and d e lies 
the higher part of the reef. The shore toward the lagoon 
slopes away regularly from d to n ; while toward tlie open 
ocean tliere is a broad horizontal terrace [a to h c) which 
becomes uncovered at low water. 

The theory of the formation of barrier reefs is shown by 
tlie diagram, Fig. GO. The island, for example, the volcanic 
island Coro, which is slowly sinking, at the ancient sea-Jevel 
I is surrounded by a fringing reef / /, a small rock -terrace 



m 




Hi the former level of the sea. Where the island has sunk to 
the level of the water-line Et, the reef appears at the sur* 
fiice as at V bf. There is now a fringing and a barrier 
reef, with a narrow canal between them ; is a section of 
the barrier reef, s' of the canal or lagoon, and /' of the 
fringing reel After a farther submergence to the sea-level 
III, the canal e* becomes much wider. On one side (//) 
the reef is present, on the other side it has disappeared, ow- 
ing to the agency of ocean-currents. Finally, at the water- 
level IV, there are two small islands surrounded by a wide 
lagoon, with two reef-islets i"', i"', resting upon two sub- 
marine peaks. The coral reef has now grown to great di- 
mensions, and covered almost the entire original island, 
and though the reef -building coral polyps cannot live below 
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a point fifleou or twenty fathoms below the surface, yet ow- 
ing to tlie slow sinking of the island, they hnild up the 
reef as rapidly as the former subsides, and in this way after 
many centuries a coral reef sometimes two thousand feet 
thick may be built up in mid-ocean. 

C'oral reefs are mainly confined to the Western and Cen- 
tral Pacific and the Indian Oceans, and to the Caribbean 
Sea None occur on the west coast of North America or of 
Africa, and only limited patches on the eastern coast of 
South Ameiica. There were pak^ozoic reefs, such as the 
fossil coral reef extending across the Ohio River at Louis- 
ville. 
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Cuise n.— THE ACTmOZOA. 

CaientemUa wUh a digestive eae partiaUg free from the hodg*cavUy opeiu 
ing into it below and held in place by eix or eight nmenierm radiating from 
the digestive cavity and dividing the perimceral space into chmnlmrs. Mouth 
surrounded with a drde of tentacles, which are hollmc, eommunicatmg du 
reedy with the perivisceral chambers. A slightly marked bilateral symmetry. 
To ^ edges of the mesenteries {usually the free ones) are attached the repro^ 
dtccUve glands, both male and female, or of one sex alone ; also the eraspeda, 
or mesentejial filaments, which contam a large number of lasso-cells, JJody 
either entirely fleshy, or secreting a ealcarmus or hoimy cmxl sfock, and 
when the species is social connected by a ceenenrhym:. In some forms {sea- 
j)ens) the entire colony eeqyable of limited loeornoUon. Ho well-^marked 
nei'vous system, but apLenis of fusiform ganglionic erlls connected Igf nerve- 
fibres in the base of Actiniam. ^production by self dimion, gemmaiion, 
or by ova, the sexes being separate or united in the same individual; die 
young undergoing a morula and gasirula condition, and then becoming 
fixed.. 

Order 1. Zoa 7 if/i«na.— Mesenteries and tenlacleB usually six or in mul- 
tiples of six, coralhini with calcareous s<‘pta. Mesenterial fila- 
ments abundantly developed (Astitca, Madrepora, Actinia). 

Oi*der 3. A^cy6»rt«n^.--Mescmtcries and lentaeles always ei^^bt in niim- 
ber. Coral -stock without true septa. MescuittTiul fila- 
ments not usually numerous (^orallum usually horny, and 
tlic wliole colony in the Perinatulacea capable of locomo- 
tion (Aicyonium, Gorgonia, Pennatula, Kenilla). 

View op the Classipication of the Actinozoa, 

Alcyonaria. 

< Ah'yonhim.) 

Zoanfharia. 

(Actinitt.) 

^ y 

\ Actinozoa. 

Laboratory Work . — Verrill has preserved Actiiiini completely ex- 
panded by slowly adding a saturated solution of picric^ acid to a small 
quantity of sea-water in which they had expanded. When dead they 
should be transferred to a pure saturated solution of the acud, and 
allowed to remain for from one to three hours, according to size, etc. 
They should then be placed in alcohol, which should after a day or two 
be renewcKi. Thus hardened they can be cut into sections. Corals 
can be studied by grinding or sawing sections, and, if desirable, treated 
as in the case of the corallum of the Millepoim 
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Class III. — Ctenophoka {Gomh-hearers). 


General Characters of Ctenophores.— These beautiful an- 
imals derive their name Ctenojjhora, or comb-bearers/' 
from the vertical rows of comb-like paddles (ctenophores) 
situated on meridional bands of muscles which serve as lo- 
comotive organs, the body not contracting and dilating as 
in the true jelly-fishes. In their organization they are 
more conijilicated than the Aclinozoa, as they have a true 
digestive cavity passing through the body-cavity, with two 
posterior outlets (it will be remembered 
tliat Cerumth'K s has one at the end of 
tlie body). From tliis alimentary canal 
are sent off ehymiferous or water-vascu- 
lar canals (Fig. Gl) whicli correspond in 
their mode of origin witli tlie water- 
tubes of the Echinoderms. As regards 
the row’s of iiaddles, oacli vertical row 
consists of a great number of isolated, 
transverse, comb-like fringes placed one 
above the other, and movable, either 
isolately or in regular succession or 
simultaneously (Agassiz). As these rows 
of paddles are connected for their wdiole 
length with a ehymiferous tube, they 
gaKtvo-vascniaVcuiiais of a i)robablY aid ill respiration. These ani- 

/Yd'j^ny^/ac/tiafromvvliich ^ a ^ ^ i 

the two ivtractilo aniiH mals also staud mucu iiigher in the scale 

have Inn'll n*niovcd. A, i* tj* Ji ii i j i i 

from oiu* Mdo, the momh- of life tluiii the other t;celcnterates by 
fmm’'?h(f being more truly bilateral, the radial 

After Qegenbaur. Symmetry SO marked in the Act mia or 

in the jelly-fish being in these animals less apparent, as the 
parts are developed on opposite sides of a median plane. 
The nervous system, as originally described by Grant, con- 
sists of a ganglion situated at the aboral end (end opposite 
to the mouth) of the Plenrobrachia, from which, among 
other nerves, eight principal ones are distributed to the 
eight rows of paddles. A nerve also proceeds to the so- 
called otolitic sac (lithocyst) seated upon the ganglion. 
Eimer has lately shown that the nervous system of the 



Fi^r. Cl. —View’ of the 
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Ctenophora, as, for example, that of BeroB, agrees in general 
with that of the jelly-fishes, w^ith the difference that in the 
Ctenopliores the nerve-centres are not situated on tlie edge, 
but at tlie pole of the body opposite tlie moutli. On the 
other hand, the nervous system is not radiated as in thb 
jelly-fishes or as in the Echinoderms. 

Our commonest example of this class Is the Plenrobrachia 
rhododacyla Agassiz. It is a beautiful animated ball of 
transparent jelly moving through the water by means of 
eight rows of minute paddles, throwing out from a sac on 
each side of the body two long ciliated tentacles. It is 
abundant in autumn ; sometimes thousands may bo seen 
stranded on the shore at low water. 

That the Ctenopliores have alfinilies to the soa-aTiemones 
{Actinozoa) is seen in the form and relations of the diges- 
tive tract, though it differs in hanging free, not being held 
in place by radiating mesenteries, and in this respect they 
approach the Echinoderms. From tlieir possessing a dis- 
tinct digestive tract, the Ctenopliores need not he confounded 
with the jelly-fishes {Hydrozoa), On the other hand, they 
present some advance over the Aefinozva, and in some 
respects connect the Hydrirzoa and Adinozoa with tho 
Echinoderms. For example, the water- vascular system 
arises in the Ctenophorcs as outgrowths from the digestive 
sac, as they do in the young star-fish and sea-urchins. This 
indicates that in the mode of development of both the di- 
gestive tract and the water-vascular system the Gtenophores 
are allied to the Echinoderms rather than to the Ifydrozoa, 
in which the water-vascular tubes arise as sinijile hollows in 
the body-mass. Moreover, they are less radiated than in 
the Hydrozoa or Echinoderms. 

In Bolina alata Agassiz the body is plainly bilateral and 
the water- vascular tubes are very distinct. In Idyia roseola 
Agassiz the mouth is large, the stomach wide, and the 
body is of an intense roseate hue. This beautiful species after 
death, late in summer, is very phosphorescent ; all Cteno- 
phores, however, even their eggs and embryos, are phospho- 
rescent. In the Gtenophores the ovaries and spermaries occur 
in the same individual and form blind sacs attached to tho 
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water* vascular tubes, and are developed locally, as in Cestuju, 
or along the whole length of the tubes, the sexually-differ- 
ent glands being placed in Bero’t and allies on opposite 
sides of the tube. 

Wlion ripe tlie eggs pass into the perivisceral space, and 
finally pass out through the ojienings of the body. The 
eggs of JHeurohrachia escape singly ; in Bolina they are 
laid in strings, while those of Idyia are deposited in a thick 
slimy mass. They spawn late in tlie summer and in the 
autumn. The young develop in the autumn, becoming 
nearly mature in the following spring. Development is di- 
rect, the young hatching nearly with the form of the adult, 
there being no metamorphosis. 

The species are w'idely distributed, a number being com- 
mon to both sides of the Atlantic, and the same species, ap- 
parently, of ricvrobrachia and Idyia 0(‘eur on the east and 
west coast of Xorth America. The most widely distributed 
forms are the lleroids. While tbe genus Mertensia is en- 
tirely arctic, the largiu* number of species are eitlier tropi- 
cal or subtropical. Tlie classification of the group is shown 
in the following summary. 


Class III.—CTENOPIIORA. 

Spherical or oval, mniewhat bilateral, mircA^ly radiaUd animaU, with 
jelly-like, tram^xtrenl bixiics. The digedive tract opem at the ponte/rior 
etid into the jx’rmmral cavity ; front the canal pass off eight water-vm^ 
cular iutfcs, which are in clotte relation with eight vcrticul imridiomil sones 
of comb-like locomotive organs. Umally a pair of tentacles, which may 
heemu withdrawit into sacs, and are provided with thiclcset Imso-c^lh on 
the tentacular fringes. Nervous system consisting of an aboral ganglion, 
setiding off eight wrrxms filaments to each of the eight rows of jwtddles. 
The sejcual glands seated in the same indirndual. No metamorphosis ^ 
the young tchen hatched resembling the adult. 

Order 1. Eurystomm . — Body oval, with a large mouth and capacious 
stomach. The water-vascular tubes connected with the 
ctenophores, and forming numerous ramifications, commu- 
nicating by means of a circular canal near the mouth 
(BeroG, Idyia). 
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OMer 2. Sa4^cB . — ^Body more or less splierical, with two long tentu- 
cles capable of Ixjing wholly retracted in a sac (Pleuro- 
brachia). 

Ordei' 8. Taniaia , — ^Body ribbon-like, being very much compressed in 
the direction of the lateral diameter (Cestum). 

Order 4. Ldbaice , — Body lateral, compressed, bilobed (Bolina). 

View op the Classification of the Ctenophora. 


Ijobata. 

(BoJiua.) 


Tmniatn. 

(Cesium.) 

I Sficeaia,. 

(Pleimibrncliia.) 


Fury Biomem. 
(iVjyiiv.) 


CTENoi'HOJtA. 

Lahorntoi'y Work . — The Ctenophone should be studied while alive. 
Tliey may be collected with a drag or tow-net from a boat when the 
surface of the ocean is calm. For .studying the firu^ anatomy and 
tissues they should be treated by the same methods as the smaller jelly- 
hshes. 




CHAPTER IV. 


BRANCH IV.— ECHIINODERMATA (Sta^-fish, Sea- 

URCHINS, Sea-cucumbers, etc.) 

General Characters of Echinoderms.-— We now come to 
animals of much more com}>licated structure than any of 
the foregoing branches, and in which tlie radiated arrange- 
ment of the parts of the body is in most cases as marked 
as the jointed or ringed structure of worms or insects ; for 
not only are the body-walls of the star- fish or sea-urchin, or 
even many of the Holothurians (tliough less plainly), di- 
vided into five wedge-shaped portions {.sphero meres), or pro- 
duced into five arms as in the common star-fish or five- 
finger, but tlio nervous system, the reproductive organs, 
the blood and water- vascular systems, and the locomotive 
a})pcndages of the latter, are usually arranged in accordance 
with the externally radiated form of the body. Still these 
animals are in many cases, as in the higher sea-urchins, 
plainly bilateral, while in the larval forms of all Eehino- 
derms whose development is known the young are not 
radiated, but more or less bilateral, as in the larvae of worms 
and mollusks. The most trenchant character, however, 
separating the Echinoderms from the Ccelenterates, and ally- 
ing them to the worms, is the genuine tube-like digestive 
camil which lies free in the body-cavity (perivisceral cavity), 
and may be several or many times the length of the body. 

The student can gain a correct idea of the general struc- 
ture of the Echinoderms from a careful examination of the 
common star-fish {Asterias vulgaris Stimpson), wliichisthe 
most common and accessible Echinoderm to be found on the 
New England shores. After placing a star-fish in some sea- 
water and noticing its motions, the thrusting out of the am- 
bulacral feet or suckers by which it pulls or warps its clumsy 
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body over the mussel-beds, or rocks, or weeds, the anus 
being capable of slightly bending ; after observing the red 
eye-spot at the end of each arm or ray, and the movements 
of the numerous spines which are attached to tlie separate 
plates forming the calcareous framework of the body- 
walls, and examining the movements of certain modified 
spines QiiW^idi^dicellarimy which are i>iiieer-like bodies situ- 
ated among mo spines, the student will be ready to study 
the external and internal anatomy. 

First, as to the calcareous frainework of the star-fish. 
In order to study this, a transverse section should bo made 
through an arm, and a vertical one througli the body and 
along the middle of a single arm, and finally the animal 
should be divided into two halves, an upper and lower. It 
will then be seen that tlie calcareous framework or so-called 
skeleton consists of a great number of limestone plates or 
l>ieccs attached by a tough membrane and covered by the 
skill. Between tlie plates are spaces by which the water enters 
the body-cavity thiough tlie skin. 1'hese plates are arranged 
so as to give tlu' greatest stnmgtj) and liglitiu'ss to tlu^ body. 
There is also to bo seen an oral (actinal) side on whicli the 
mouth u situated, and an aboral (aliaetinal) side, the re- 
spective limits of which areas vary greatly in the different 
groups of Echirioderms. Each arm or ray is deeply chan- 
nelled by the ambulacral furrow containing four rows of 
suckers or ‘‘ ambulacral feet,” which are tentacle-like 
protrusions of the skin growing out through orifices in 
the ambulacral plates, and arc a continuation of tlie water- 
sacs or ampullae’^ within. The inadreporic plate is a 
flattened hemispherical body situated on the disk between 
two of the arms. It is perforated by canals. 

We are now ready to examine the internal organs and to 
study their relations to one another and to the body-walls. 
The nervous system may be seen without dissection. By 
closely examining the mouth a pentagonal ring is seen sur- 
rounding it, each angle slightly enlarging* and sending off 

* Owfpiannfkoff states that the nervous ring is a flat band, con- 
taining no swellings or ganglia, and not differing in structure from the 
ambulacral nerves, which latter possess nerve-cells as well as fibres. 
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a nervous cord to the eye at the end of the ray. It may be 
discovered by pressing apart the ambulacral feet along the 
median line of each arm. Fine nerves are sent off to each 
sucker, passing through the opening between the calcareous 
plates and extending to each ampulla, thus controlling the 
movements of the ambulacral feet. 



Fig. C3.— Longltndlnal section through the bod v and one arm of Asierias milgaris. 
m, raouth; stomach; lobe of stomach extending into the arm: a, anus ; wr, ner- 
vous ring ; », radial nerve ; w, water-vascular ring, sending a radial vessel {v) into the 
arm ; rnp, madrcporic plate ; t , stone canal ; hujmal canal ; av, oviduct ; o, ovary ; 
«m, ampullje, the ambulacral feet projecting below ; &, cmca or liver.— Drawn by 
A. F. Gray, under author’s direction. 


Tlic mouth (Fig. G2, m) is capacious, opening by a short 
Gisopliagus into a ca])aeious stomach (Fig. (52, s) with thin 
distensible walls, and sending a long lobe or sac (Fig. 02, 1) 
into tJie base of each arm ; eacli sac is hound down by two 
retractor muscles attached to the median ridge lying be- 
tween the two rowsuf water- sacs (amjm I la?, see also Fig. 63). 



Fig. 03.— Diagram of the cross-section of an arm. A, of AAterias rubens ; B of 
Ophiura texturata ; p, ambulacral feet ; ampullte ; t, dermal Umtacles ; n, nervous 
cords ; iff, ambulacral ])lates ; m, muscles ; a, ambiilacral vein ; b, ventral plate ; c, lat- 
eral plates; d, dorsal plate ; Jfr, calcilied portion of the integument.— After W. Lmjge 
from Gegtmbaur. ^ 


The stomach ends in a short intestine, the limits between 
the two not distinctly seen. The intestine suddenly con- 
tracts and ends in a minute rectum situated in an angle 
between two of five fleshy ridges radiating from the centre 
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of tho aboral disk. The anus (Fig. 62, is minute and 
difficult to detect, being situated between the short spines, 
and is evidently not used in the expulsion of fsecal matter 
unless the urinary secretions, if there be such, pass out of 
it. It would seem as if the opening were rudimentary and 
that the star-fish had descended from Echinoderms like the 
Crinoids, in which there is a well-marked external terminal 
opening of the digestive tract. Appended to the intestine 
are the “ cceca ” or ‘‘ liver ’’ (Fig. 62, Z>), consisting of two 
long, tree-like masses formed of dense branches of from 
four to six pear-shaped follicles, connecting by a short duct 
with the main stem. The two main ducts unite to form a 
short common opening into the intestine. Tlic coeca are 
usually dark, livid green, and secrete a bitter digestive 
fluid, representing probably the bile of the higher animals. 

The star-fislt is bisexual, but the reproductive glands are 
much alike, the sexes only being distinguishable by a micro- 
scopic examination of tlic glands. The ovaries (Fig. 62, o) 
are long racemose bodies lying along each side of the in- 
terior of the arms, and the eggs arc said to pass out by a 
short narrow oviduct (e?;) through an opening between two 
plates on each side of the base of the arms, tho opening be- 
ing small and difficult to detect. 

The water- vascular system consists of tho madreporic 
body, the stone-canal ” (Fig. 62, /), tho ringorcircurnoral 
canal and the radial vessels (?;) ending in the water- 
sacs {a7n) and ambulacral feet. The stone-canal begins 
at the outer and under side of the sieve-like madreporic 
body, passing directly forward and downward in a sinuous 
course to the under side of the circu moral plates. The 
madreporic body {rnb) is externally seen to be ])erforatcd by 
linear apertures radiating and subdividing toward the pe- 
riphery. Tlie sea- water in part enters the body-cavity 
through the fissures in the madreporic body, while most of 
it enters the stone-canal, which is a slender tube scarcely 
one fourth the diameter of the entire madreporic body. 
The water entering the stone-canal (Fig, 62, i) passes di- 
rectly into the water- vascular ring (Fig. 62) and then into 
the ten Polian vesicles and the five radial canals, whence 
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it is conveyed to each water-sac or ampulla (Fig. 6!^, am). 
These pear* shaped water-sacs, when contracted, are supposed 
to press the water into the long slender suckers or ambulacral 
feet, which are distended, elongated, and by a sucker-like ar- 
rangement at the end of the prehensile foot act in conjunc- 
tion with the others to warp or pull the star-fish along. 
Besides locomotion the ambulacral feet serve for respiration 
and perception (Simroth). Hoffman show^s that the feet 
of the sea-urchins can be projected or thrust out without 
the aid of tlie ampullae. 

It will thus be seen that the water-vascular system in the 
star-fish is in its functions partly respiratory and partly 
locomotive, while it is in connection with the vascular sys- 
tem, and thus partly aids in circulating the blood and 
chyle. 

Of the true vascular or blood system the stfidcnt can ordi- 
narily only discover one portion, the so-called ‘‘ heart or 

pulsating vessel,’’ vvliich we may call the haemal canal (Fig. 
62 //), and which runs i)arallcl to the stone-canal from the 
madreporic body to near the ring-canal.* It is nearly as 
largo as the stone-canal, slightly sinuous, muscular, and with 
the latter is surrounded by a loose investing membrane like 
a pericardium. Some observers deny the existence of a vas- 
cular (sometimes called “ pseudoha3mal ”) system, but it has 
been recently studied by Hoffman and subsequently by Teu- 
scher, who maintains that in all Echinoderms there are two 
systems of blood-vessels, which belong, one to the viscera and 
the other to the nervous system, forming an oral or nervous 
ring and an anal ring. The two rings are in direct com- 
miinicatiou in the star-fishes, Ophiurans and sea-urchins, 
but not in the Holothurians. The radial nerves are ac- 
companied by a vessel wliich subdivides and distributes 
branches to the ambulacral feet in star-fishes, Echini, and 
Holothurians. Teuscher considers that the heart ” found 
in the star-fishes and Echini connecting the oesophageal (or 
nerve-ring) and anal ring, is neither a gland nor a pulsating 
vessel, as different authors have supposed, but perhaps only 

* Simroth states that in Ophiurans (Ophiactis) the stone-canal opens 
in common with the ‘‘ heart” into the madreporic plate. 
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a relict of an earlier period of development In the Ophi- 
urans the oral canal opens directly into the body-cavity ; 
in Eohinothrix directly connects with the outer world by 
means of the interradial canals. Finally, he regards the 
nervous vessel as homologous with the ventral vessel of the 
worms. 

Having made ourselves acquainted with the general struc- 
ture of the Echinoderms as exemplified in the star-fish, Ave 
are prepared to study the modifications of the Echinoderm 
plan in the different classes. 


Class I. — Crinoidea {Stone-Uliesy Eiicrinitesy etc,) 

Order 1. Brachiata, — The living representatives of those 
Crinoids which lived in paheozoic and early mesozoic 
times are feAV in number, and for the most part live in deep 
water, or, as in the case of llhizocrinus and its living allies, 
at great depths. They are like Limuliis and Nebalidy rem- 
nants of an ancient fauna. There arc but eight genera 
known — viz., IlotoptiSy RhizocrimiSy Bathycruiusy HyocrU 
nuSy Peniacrinusy Comaster, Actinometra, and Antedon 
{Cornatula), Of the first five genera the species arc attached 
by a stalk to the sea-bottom, while the last three genera are 
in their young state stalked, but finally become detached. 
The body or calyx divides into arms bearing pimiulw or sub- 
branches. 

The Pentacrinus lives attached to rocks from twenty to 
thirty fathoms below low-water mark in the West Indies. 
The stem is about a foot long, the joints pentagonal, setid- 
ing off at intervals whorls of unbranched cirri. “ No dis- 
tinct basal piece is known, but the calyx appears to begin 
with the first five radialia ’’ (Huxley). Pentacrinus ca- 
put-rmdusm Muller (Fig. G4) and P, Miilleri Oersted are 
West Indian species. P, Wyville-Thornpsoiii Jeffreys was 
dredged in deep water on the coast of Portugal, In the 
fossil P, subangttlaris the stalk was more than fifty feet long. 
Baihycrinus gracilis Wyville-Thompson is closely allied 
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to EhizocrinuSf and was dredged in the Bay of Biscay 
the depth of 2435 fathoms. B. Aldricliianus occurred in 
1850 fathoms, latitude 47' K., longitude 24® 26' W., off 
the coast of Brazil. With it and also near the Crozet 
Islands occurred the interesting Hyocrinus Bethellianus 
Wyville-Thompson, which bears in some points resemblance 
to the palaeozoic genus, Platycrinus. 



The most widely distributed species is the Rhizocvinus 
lo/otensis of Sars (Fig. 65), which is closely related to the 
B our guct tier intis of the chalk formation, and forms the 
transitional type connecting the Apiocrinidm with the 
free-moving, unstalked Antedon, It occurs at the depth of 
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from one hundred to 
one thousand fathoms 
in the North Atlantic 
and Floridan seas, 
and is a characteristic 
member of the abyssal 
fauna. This crinoid^ 
consists of a jointed 
stalk, a cup -shaped 
body {calyx), from 
the edge of which 
from five to seven 
(the number varies) 
arms (hrachia) radi- 
ate, which subdivide 
into a double alter- 
nate series of pin- 
milm. The mouth is 
situated in the centre, 
while the anus is situ- 
ated on a conical pro- 
jection on one side of 
the oral disk, between 
the bases of two of 
the arms. R. Ratc- 
soiii Pourtales occurs 
in from eighty to one 
hundred and twenty 
fathoms at Barba- 
does. 

In Holopus, a short, 
stout form with no 
true stalk, but at- 
tached by a broad en- 
crusting base, there 
are ten arms originat- 
ing from five axial 
joints. When con- 
tracted the arms are 
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rolled in a spiral and press laterally against one another so 
as to enclose a heniietically closed cavity/’ The pinnules 
are formed of broad flat joints, and are rolled spirally to- 
ward the ambiilacral ehaniielof the arms when contracted” 
(Pourtalcs). The only species yet known is IL Rangii 
D’Orbigny, from Barbadoes, 

In Antedou (Comatula) the body is at first stalked, but 
afterward drops off, when it represents the calyx and arms 
of tlie ordinary Crinoids. It thus passes through a Rhizo- 
criniis condition, showing that it is a higher, more recent 
form. The mouth opens into a short, broad oesophagus, 
and a wide stomach which makes a turn and a half, ending 
in the anal cone placed between the base of two of the arms. 
Within the five triangular plates is a circle of tentacles. 
From the space between each pair of oral plates the ambu- 
lacral grooves radiate to the arms and their branches. H. 
Ludwig maintains that Antedon possesses a true water-vas- 
cular system formed on the typical Echinoderm plan ; 
there being a ring-canal, with radial vessels arising from it. 
The tentacles of the perisome are connected with the ring- 
canal, and the tentacles of the arms and pinnula) are con- 
nected with the radial vessel. Ludwig has also discovered 
in Antedon a system of blood-vessels pseudo-haamal ” 
system) consisting of an oral ring-canal and five vessels 
radiating from it, which send branches to the tentacles, as 
in Asterias, He also detected a dorsal organ,” which 
he, contrary to PeHer and P. H. Carpenter, considers to 
bo the central organ of the whole system of blood-vessels. 
Both Ludwig and Carpenter, however, regard it as homolo- 
gous with the so-called ‘‘ heart ” or haemal canal of Echini 
and Astorias. 

The nervous system consists of an oral ring with branches 
extending into the arms. 

The body-cavity extends into the arms, and the ovaries 
for the most part lie in the cavity of the arms, as in Asterias, 

The internal anatomy of Rhizocrinus has been investi- 
gated by Ludwig, who finds that it agrees very closely with 
that of Antedon. The water-vascular system, nervous sys- 
tem, alimentary canal and its appendages, have the same 
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relations as in tlie imstalked Crinoids {Antedon and Actin- 
ometra)y only they are on a simpler plan, there being a 
close similarity between Ehizocrinus and the pentacrinoid 
stage of Antedon. 

The ovaries of Antedon open externally on the pinnules 
of the arms, while there is no special opening for the prod- 
ucts of the male glands, and Thompson thinks that the 
spermatic particles are “ discharged by the thinning away 
and dehiscence of the integument.” The ripe eggs hang, 
for three or four days from the opening l\h.e 
grapes, and it is during this time that thej are fertilized* 
The following account is taken, (sometimes fw 



from Wyville-Thompson’s researches on Antedon rosaceus 
(hjg. O'?) of the European seas. In the first stage the egg 
undergoes total segmentation (Eig. 66). A represents the 
egg with four nucleated cells, an early phase of the mul- 
berry or morula stage. After the process of segmentation 
of the yolk is finished, the cells become fused together into 
a mass of indifferent protoplasm, with no trace of organiza- 
tion, but with a few fat cells in the centre. This pro- 
toplasmic layer becomes converted into an oval embryo, 
whose surface is uniformly ciliated. The mouth is formed 
with the large cilia around it before the embryo leaves the 
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egg. When hatched, the larva is long, oval, and girded 
with four zones of cilia, with a tuft of cilia at the end, a 
mouth and anal-opening, and is about eight millimetres 
long. The body-cavity is formed by an inversion of the 
primitive layer which seems to correspond to the ectoderm. 

Within a few hours or sometimes days, there are indica- 
tions of the calcareous areolated plates forming the cup of 
the future crinoid. Soon others appear forming a sort of 
trellis-work of plates, and gradually build up the stalk, and 
lastly appears the cribriform basal plate. Fig. 66, i?, c, rep- 
resents the young crinoid in the middle of the larva, whose 
body is somewhat compressed under the covering-glass. 



Fig. %7.—Antedon, stalked aud free.— From >DK-allister. 


Next appears a liollow sheath of parallel calcareous rods, 
bound, as it were, in the centre by the calcareous plates. 
This stalk c) arises on one side of the digestive cavity 
of the larva, and there is no connection between the body- 
cavity of the larva and that of the embryo crinoid. 

Two or three days after the appearance of the plates of 
the crinoid, the larva begins to change its form. The 
month and digestive cavity disappear, not being converted 
into those of the crinoid. The larva sinks to the bottom, 
there resting on a sea-weed or stone, to which it finally ad- 
heres. The Pentacrinns form is embedded in the larval body 


OMiJ^oins. 


107 


Afterward five or more, usually fifteen tentacles, grow out, 
and the young Antedon appears, as in Fig. 66, C. The 
walls of the stomach then separate from the body- walls. 
The animal now begins to represent the primary stalked 
stage of the Crinoids, that which is the permanent stage in 
RhhocrinuSy PentacrinuSy and their fossil allies. After liv- 
ing attached for a while (Pig. 67), it becomes free (see right- 
hand figure) and moves about over the sea-bottom. 



Fig, 68. — A Blastoid, Fenlre/uikc'i, ttccu from the side and froiu above.— After Llitkeu. 

There are two species of Antedon on the Xcvv England 
coast, one (A. Sarsii) inhabiting deep water in ahont one 
hundred fathoms, and the other (J. Esclirirlitii Muller) 
shallower water (twenty-five fathoms) in the (lulf of Maine. 

Order 2, Blasioidea . — No forms liave boon discovered 
later than the Carboniferous period. The group began 
its existence as species of Peniremites (Pig. 68) in the 
Upper Silurian, and culminated in tlie Carboniferous ago. 
It connects the Crinoids with the Cystideans ; the species 
have no arms, are supported on a short, jointed stalk, and 
the oral plates, when closed, as they are in a fossil state, 
make the calyx look like a flower-bud. There is a mouth 
and eccentric anal outlet and five radiating grooves, along 
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each side of which are attached a row of pinnules. Be- 
sides Pentremites are the typical genera Elmncrinus and 
EleatherocrinuH. 

Order 3. Cystidem. — This group is likewise extinct. In 
the fossil Pfieudocriitns there is a short-jointed stalk, while 
in Caryocystiies (Fig. GO) there is no stalk and no arms, the 



Fig. (iv.-^Caryofyfi- 
tiUH, a (\VHtiUoaii.— 
AfUtr Lfltktfii. 


Fisr. 71. A(/eiucHiif/s, a (\VHtid«*an, on 
the hlu'll of anruchiopod.— After LUtken 


Fig, 7().—l*nemlocri- 
II UH, a (^vstidoau.*- 
After LUlkeu. 


body being angulo-spherical, composed of solid plates. The 
Oystideans (Figs. GO to 71) originated in the Cairibrian for- 
mation, attained their maximum development in a number 
of species in the Silurian, and became mostly extinct in tlie 
Carboniferous period. 


Class I.— CRIISOIDEA. 

SpJieriml or cup shaped Echinodertns, wiUmit a madreporie plate, usu^ 
aUy attached by a jointed stem, a few free in adult life, icithfive arms sulu 
dimding into pinnulw; the ambularral feet in the form of tentacles 
arising ajvtiful the mouth in the fumnts of the calyx or situated on the 
joifUed arms. In the Blasioidea and certain Oystide^ms the at'ms are ab- 
sent, hut the pinnules are usually present, though absent in Cai^ocy stiles, 
dreulatoi'y, waier-vastrular, and se^raal oryaivs much as in other JEkhino- 
derms ; the digestive canal ending in a disUnet eccentric apertui^. 
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Order 1. Bradiiaia (True Crinoids). — Calyx with larfre pinnulateil 
arms, witljuut dorsal calk*al pores, mostly stalked (Encrk 
BUS. Pentacrinus, Apio(‘,rlnus. Rhizoerimis, lIolo[)U8, Ante- 
dou, Aotinometra, Phaaogeuia). 

Order 2. Bldetoideu.-^ArmXe^y but with five series of pinnulse, and 
with a stalk (Pentn^mites. No living representatives). 

Order 8. Usually armed, with jointed pinuulte, and a short 

stalk, the latter sometimes absent, as in Caryoc^ystites. (All 
fossil forms, as Edriasler, Cary oey stiles, Sphieroniles. etc.) 

TjohoraUfry TPerA\-~The living Crinoids are great rarities, and few 
students have access ov(*n to alcoholic Kpeeimens. The recent rc- 
scfindu^ on their internal anatomy have be('n made in large i>arl by 
cutting thin S(?ctions for the microscope, ni\d staining them with car- 
mine, etc., after the methods ot the histologist. 


Class IT. — Astkkoii>7<:a {Star-Jhhes), 

General Characters of Star-fishes. — I Living already 
studied the structure of the (;ominon star-fish, wc are pre- 
pared to understand ilie classification of the class. The 
star-fislics have star-shaped, llattoned bodies, with round or 
fiatiened arms, a madrcporic plate, and two or four rows of 
ambulacral feet, 

Oviler 1. Ophiiiridca (Saiid-Htars), — This division is 
characterized by the body forming a llattoned disk, with 
cylindrical arms, the stomach not extending into the arms, 
and there is no intestine or anal opening. The ambulacral 
furrow^ is covered by the ventral shields of the tegument, so 
that tlie ambulacral feet project from the sides of the arm. 
They have no interambulacral spaces or plates. The am- 
bulacral feet or tentacles do not have a sucker at the end, 
but are provided with minute tubercles. They move faster 
than the true star-fishes, the arms being more slender and 
flexible. The madrej>oric body is one of the large circular 
plates in the interambulacral spaces around the mouth. 
The external openings for the exit of the eggs form distinct 
Assures or slits, one on each side of each arm. The ovaries 
are situated in the body, not extending into the arms, the 
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eggs being expelled into the perivisceral cavity, and thence 
finding their way out into the water through the interradial 
slits.* The Opliiurans are bisexual, but one species being 
known to be unisexual, viz., Ophiolepis squamata, accord- 
ing to Mctschiiikoff. While most Opliiurans pass through 
a metamorphosis, the young of Ophiolepis ciUata is developed 
within the bcnly of the }>arent, adhering by a sort of stalk 
(Krolin). In OqjhiopItoUs hellh development is direct, tliere 
being no metarnorpliosis. 

All Ophiiiran whicli has iiccidcn tally lost its arms can re- 
produce them ]jy budding. Ltttken has discovered that in 
S])ecie8 of Opltiothda and OphiacHs tlie body divides in two 
s])ontaneously, having tiiree arms on one side and three on 
the other, Avhile tlie disk looks as if it had been cut in two 
by a knife and three new arms had then grown out from 
the cut side. Simroth lias made fartiier extended researches 
on self-fission in Ophiar/is, 

Tlie 0])liiurans in most cases undergo a decided meta- 
morphosis like tliat of the star-fish, which will be described 
at length fartiier on. '^Idie larva, called a pluteus, is free- 
swimming, though in some species the young, in a modified 
larval condition, reside in a pouch situated above the mouth 
of the parent, finally escaping and swimming freely about 
(A. Agassiz), 

In Ophiocoma vivipara Ljuiigman, wbich occurs in the 
South Atlantic, the young at first live in the body of the 
parent and afterward cluster on the surface of her disk. 
The eggs arc hatched successively, the young being found 
in a regularly gradated si ries of stages of growth (Wyville- 
Thompsou), It appears probable, as in the case of the sea- 
urchins, that the Opliiurans of the cooler portions of the 
South Atlantic, in most cases at least, have no metamor- 
phosis. Several native forms are also viviparous. 

Our most common sand-star is OphiophoUs hellis Lyman 
(Fig. 72), which may be found at low -water mark, and espe- 
cially among the roots of Laminaria thrown up on the 

♦ On tlie other liancl, Ludwig denies that the eggs pass into the peri- 
visceral cavity, but insists that they collect in pouches formed by an in- 
troversion of the integument. 
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beacli. It is yariablo in color, but beautifully spotted with 
pale and brown, its general hue being a brick-red. Am- 
phiura squamata Sars has long slender arms and is 
white ; it lives below tide-marks. The basket-lish, me- 
dusa’s hejid, or Astrophyton 
Agassizii Stm., is of large 
size, the disk being two in- 
ches across, and the arms 
subdividing into a great 
n u m 1) e r of tendril-like 
brandies. It lives from ten 
to one liundrcd fatlioms in 
the Gulf of Maine. 

Ophiurans are widely dis- 
tributed, and live at depths 
between low* water mark and 
two thousand fathoms. Fos- rig. 72. mis, common 
sil Ophiurans do not occur 

in formations older than the Upper Siliirivan, where tliey aro 
represented by the genera Protaster, Palmodiscus, Acrouraf 
and Exicladia ; genuine forms closely like those now living 
appear in the muschelkalk beds of Europe (Middle Trias). 

Order 2. Asteridea, — In the true star dishes the arms are 
direct prolongations of the disk, and the stomach and 

(f A 



Pie. 78.— Three forras of Star-fish, A, If, C, seeu from above, showinjf the dUferent 
GfVflopmeiit of the aiubulacml and intcrambulaora] omiiH. The aint)u]acra are Indi- 
caa^ by rows of dot^; o, mouth; r, arms; ir, interrudial or iatA;raml>uiacral areas. 
6 I*leraisUr; B, Goniodisetus; A, Asteriacus.—AJUir Gegeubaur. 

ovaries or spermaries project into them, and there is a deep 
ambulacral furrow, while the interambulacral spaces vary 
much in development (Pig. ?3) ; the feet are provided with 
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Buckers, excepting those at the end of the arms, which are 
tentacle-like. We have already described the common star- 
fish of our nortli-eastern coast, Asterias Fordesii of Desor 
(Fig. 74). Tliis and the allied varieties are abundant on 
mussel and oyster beds, being v;ery injurious to the latter, 
which servo them as food. The star-fish projects its capa- 
cious stomach, turning it inside out, between the open 
valves of the oyster, and sucks in the soft parts, in this way 
doing much damage to the oyster-beds of the southern coast 
of New England. 



Fig. JibrOeMlj uatural size.— After A, Agasniz. 

The bodies of star-fishes as wtII as sea-iiroliins (Echini) 
are covered Avith pvdivellariw, Avliich in the former are situ- 
ated around the base of the spines on the upper side of the 
body. They are ]niK*er-like, consisting of but tAVo prongs. 
In the sea-urchins they are three-pronged, and scattered ir- 
roguhirly over the surface of the body. Their use is not 
really known. 

The development of this species (and its ally or variety, 
A, herylmus) has been studied by A. Agassiz. After pass- 
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ing through the morula and gastrula stages, the cephalula 
or larval stage is reached, the mouth, digestive sac and its 
posterior opening being formed, a cephalic end being dis- 
tinguished from a posterior end. The larva is now bilater- 
ally symmetrical. At this time two lobes arise from each 
side of the mouth. These separate from their attachment 
and form two distinct hollow cavities, and by the time the 
larva attains the Bracliiolaria stage the development of the 



Fig. Th.—Bipbinaria with the Ptar- 
fiph hmidiijg froin if. e, tl', o’, 
protubcrutKt!P of t he body roinparabU? 
with the ’’annH” of the Braobioinria 
figured ill thi^ a<l joining engraving. 
1). month; o, vent of the larva; A, g<‘mi 
of tho Ptur-finh; h. riliiited dig**stivo 
tnict; i, ambiilacral ro?<<>tf<! (gfmi of 
thv wator-vtippMs), — Aftor MhUer, from 
OfgenlMiur. 



Fig. 70 . - Brarhi<ilaria 
of Afiferi(fM Tu’gftris, on- 
largvd, wdth tho Blar-lirth 
(r) ilvvi'loping at flu* 
a bora) end. e. median 
anal arm; e", odd lermi- 
nul ond arm; /. braehlo- 
lur arm; /‘/branch of 
watcr-tubo {ww') leading 
iiib) /''' odd brachiolar 
arm Hurfaee-wartP 
at bane of odd Inaebiolar 
am)./’". — Afba' A. Agaw- 
piz. ’ 


hotly of the star-fish begins, for these two cavities subse- 
tpiently develop into two water-tubes. On one of these cav- 
ities the back of the star-fish is afterward developed, while 
on the other the under side with the feet or tentacles arise. 
The fully-grown larva is called a hracJiiolaria, as it was 
originally described with this name under the impression 
that it was an adult animal, as was the case with the pin- 
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i0u$ of the sand-stars, the hipinnaria (Fig. 75) of certain 
staar-fiahes, and the auricularia of the Holothurians. 

Fig. 76 shows the star-fish developing on the abojal end 
of the brachiolaria, whose body it is now beginning to ab- 
sorb. The brachiolaria soon Bhrink8> falls to the bottom, 
and attaches itself by its short arms. The star-fish com- 
pletely absorbs the soft body of the larva, and is conical, 
disk-shaped, with a crenulated edge. In this stage it re- 
mains probably two or three years before the arms lengthen 
and the adult form is assumed. 

In LeptycJuister kergitelenensis Smith, of the South Paci- 
fic, a form allied to Luidia or Archaster, the young develop 
directly in a sort of inarsupium, according to Wyville- 
Thompson. Pteraster militaris was found by Sars to be 
viviparous. 

In Brisinga the arms number from nine to twenty, are 
long, cylindrical, and, like the body, bear long spines. The 
species are abyssal. B, endecacnemos Asbjornsen lives on 
the Norwegian coast, at a depth of about 200 fathoms, and 
was dredged in abundance by the Challenger Expedition in 
1350 fathoms, at a station due south of St. George's Banks, 
associated with other species of star-fish {Zoroaster and As- 
tropectefi), and again in eighty fathoms on Lti Have Bank, 
off Nova Scotia. A common form living in mud in usually 
from ten to thirty fathoms is Ctenodiscus crispatus Retzius, 
in which the body is almost pentagonal, the arms being very 
short and broad. Archaster is a genus of star-fishes occurring 
at great depths, A. vexilUfer Wyville-Thompson (Fig. 77), 
occurring off the Shetland Islands, in from 300 to 500 fath- 
oms. Luidia is called the brittle star-fish, as when brought 
up from the bottom and taken out of the watef it breaks up 
into fragments. It has five long arms. i. claihrata is com- 
mon on the sandy shores of the Carolinas, and ranges from 
New Jersey to the West Indies. Astropecten articulatus 
(Say) has the same range. Astrogonium phrygianum Parel 
is a large pentagonal, bright-red star-fish, living in twenty 
to fiffy fathoms on rooky bottoms in the Gulf of Maine 
and northward ; while PUraster militaris Muller is an 
arctic species which rang^ south to Cape Cod. It is sub- 
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pentagonal, with five short arms. The hue large Salasier 
mdeca Betziua has eleven smooth arms ; it lives in deep 
water. Chrossaster pqppasus (Mhller and Trosohel) is com- 
mon on a rocky bottom, in from twenty to eighty fathoms, 
from the Gulf of Maine northward ; it is bright red, and has 
thirteen to fourteen spinulated arms. Cribella sanguin- 
^UtUa liiitken is a common species on the coast of New 


Fig. vexUi^er^ nndsr side ; luitarsl sixe.— After WyvUle-Thompson. 

• 

England below low- water mark, and is in some respects like 
Cro88€t8ier. 

More closely allied to Asterias is the Pacific Coast Pycno- 
podia hdianthoides Stimpson, which ranges from Sitka to 
Mendocino, OaL It is very common in Paget Sound, under 
wharves. vulgaris Stimpson represents, on the 

northeastern coast, the A. rubem of Europe. Asterias 
poiaris (M. and T.) has six arms, and is over twelve inches 
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itt diameter ; . it is very common from Labrador north- 
ward. 

Fossil star-fishes allied m most respects to Asterias occur 
in the Lower Silurian rocks, showing the remarkable persist- 
ence of this type of the order. Characteristic Lower Silu- 
rian forms are Palmaster and Archasterias, In the Upper 
Silurian appeared Palasterina^ a genus allied to the living 
Astrogoniimy etc. 


Class II.— A8TEROIDEA. 

Echinoderms with a »tar-like or pentagonal body, with two or Jour rows 
of ambulacral feet or ientacles on the oral side. Body covered with smaU^ 
short spines, qfteii arranged in groups. The nervous system pentagonal, 
with nerves extending into the arms ; tits water-vascuXar and haemal systems 
also radlaling into the arms. Most of the species bisexual ; the young usually 
passing through a metatnorphosis, the star-Jish budding out from the water • 
vascular system of the pluteus, bipinnaria or hraehiolafia form, which pre- 
vsoudy passes through a morula, gastnda, and cephalala stage. 

Order 1. Ophinridea. — Arms round, starting suddenly from a round, 
disk-like body. Ambulacral furrow covered by a series of 
ventral plates, so that the tentacles or ambulacral feet are 
thrust out laterally. The ovaries and stomach not extend- 
ing into the arms ; no anal-opening, no pedicellariae. 
(Ophiura, Ophioglypha, Ophiolepis, Amphiura, Ophio- 
coma, Astrophyton). 

Order 2. Asteridea. — Body star-like, the arms being gradual extensions 
of the disk, and containing the reproductive glands, dir 
gestive coeca, as well as the radial nerves and radial haemal 
and water-vascular canals. A deep ambulacral furrow, 
containing two or four row^s of ambulacral feet or tenta- 
cles, those at the extremity of the arms without suckers 
(Brisinga, Ctenodiscus, Luidia, Astropecten, Oreaster, As 
trogonium, Pteraster, Solaster, Crossaster, Cribrella, Pyc- 
nopodia, Asterias). 

Laiboralory Work . — The larger star-fishes are easily dissected ; the 
general relations of the integument may be perceived by making 
transverse and longitudinal sections, while the viscera may be studied 
by splitting the body and arms in two vertically. The smaller Ophiu^ 
msm can be hardened in alcohol, and st^ed sections made for 
stuping the intricate relations of the water-vascular, hflemal, and 
nervous systems. 
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Class IIL— EcJhinoidea {Sm-urcKim). 

Qenaral Characters of Sea-TTrohins. — good idea of 
the general structure of the members of this class may 
be obtained by an examination of the common sea-ur- 
chin, Echinus (Fig. 78), of the eastern coast of the United 

a b e 4 

P!g. 78.— Tho common Sea-urchin, Echinu* (Strongylocentrotus) 

«f, frame-work of mouth and teeth seen in front: c, the Hame eeen eldewayH; o, b, eldo 
nod external view of a rfnglc tooth (pyramid); all natural nlxe.— After Mon*c. 

States, Northern Europe, and the Arctic Seas. It is com- 
mon among rocks, ranging from low- water mark to fifty or 
more fathoms. It eats sea- weeds, and is also a scavenger, 
feeding on dead fish, etc. We have observed great num- 
bers of them assembled in large groups, feeding on fish offal, 
a few fathoms below the sur- 
face, in a harbor on the coast 
of Labrador, where fishing, 
vessels were anchored. 

On placing an Echinus in 
sea-water the movements of 
the animal, especially its 
mode of drawing itself along 
by its numerous long tenta- 
cles or ambulacral feet, and 
how it covers itself by draw- 
ing together bits of sea- 

and gravel, may be , Phowiug th^complicatod arrangu- 

mcQt of the moacleB.— From MacaUistcr. 

A habit less easily detected is that of some sea-urchins 
burrowing in limestone rocks and coral reefs until the ani- 
mal sinks quite far down. How the rock becomes thus 
worn away, unless simply by the rotary movements of the 
body, is not clearly understood. 
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II id «!^nm m meanwhite obserr- 

ot attoo^ment of the e|mi6s^ of which micro- 
^ - soopic sections 
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t|: The solid mouth. 
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attachment to the 

laeam; o, mouth; a, vent.-After Gegenbmur. tt auriclCS ^ in the 

shell, should be thoroughly inrestigsted, as well as thei^ 
lations to the mouth-opening and the digestive canal. The 
shell is a flattened sphere, consisting of arnlmlacral plates, 
perforated for the exit of the ^ 

feet, and a broader series of 
five rows of interambulacral 
plates to which the spines 
are attached, and of such « 
form and arrangement as to ^ 
give the greatest possible 
strength and lightness to the ^ 
shell (Figs. 80, 81, 82). The 
outlet of the alimentary canal 
k situated on the aboral 
(abaotinal) or upper end of pig. 8i,~Aixma end of the rtwii of ■» 
the sheU, whUe the madre- SS^ 

porio plate is situated upon 


the shell, while the madre- a, ambulacna arm; i, tBtenambu- 

porio plate is situated upon 

the top or end of the sheU 

(as the animal moTcs mouth 

dawnw^),beii^ ainodifi^ 

tion of one of the genital wW<*the«ack«8pfottade.--Ate 

plates (Fig. 81, tn). There are 

five large plates, one at each end of the interambulacnJ 
aon^ meeting on the aboral end of the body \ in th^m are 
ibe ovarian openings through which the eggs escape ; theee 
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fiT6 pktes tm called ihe gemtal plates, wliile in each of the 
five amaller plates at the end of each ambulaoral series is an 

eye-speck. The pedicel- 
larifle are three-pronged, 
knob-liko spines, scat- 
tered over the body, es- 
pecially near the mouth. 
They partly servo to re- 
move the ftecal matter, 
but their main function 
is not known. 

Besides the pedioel- 
lafiflp, Lov6n has discov- 
ei*od on most living 
Echini, with the excep- 
tion of Cidaris, small 
button-like bodies called 
sjdtwridia, siiuatcd on a 
short stalk, moving on a 
slightly marked tubercle. 
They are supposed to be 
sensorial, probably organs of taste. 

The internal anatomy of the sea-urchin may be best studied 



Fig. ftJ.— Vk*w of the caicureoos net-work 
from a nhUe of the fntegnment of a Sea-nrehiu 
(Cit/aw). ft, eecUon pmiendinilar to the hoi I- 
xontal net^work of etniight rudB.— After Gegon- 
haur. 
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by cutting the shell into two halves, oral and aboral. Remov- 
ing the aboral end, the digestive canal may be seen in place. 
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Ifc consists of a narrow cesophagus (Fig. 83, <»), more or 
less pentagonal near the mouth, dilating into the stomach ; 
and of a terminal intestine. The long stomach passes from 
left to right around the interior of the body, then turns up 
toward the aboral end, and curves back in the opposite 
course, again passing around the body from right to left, 
forming two series of loops partly enclosing the ovaries ; it 
is held in place by abroad, thin membrane or ‘‘ mesentery. 
The reproductive and other organs are much as described 
in the star-fish, there being five ovaries or spermaries, the 
sexes being distinct. The nervous ring around the mouth 
sends off five nerves along the ambulacra, which are accom- 
panied by a water-vascular canal sending branches to the 
tentacles, and a pseudo-haemal canal, there being an oral and 
aboral (anal) haemal ring (their presence is denied by Hoff- 
mann), as well as an oral water-vascular ring, with five Folia n 
vesicles (present only in the true Echini and Clypcastroids), 
a stone-canal and a fusiform tube or heart next to it, 
while the alimentary canal is accompanied by two haemal 
vessels, one on tlie ‘‘ dorsal and the other on the free or 
ventral side, communicating with a lacunar network in its 
walls. 

In Echinus it is difficult to perceive any bilateral sym- 
metry, the parts radiating, as in the star-fish, from the cen- 
tre ; but in the Spatangus and allied forms it is easy to di- 
vide the animal into a right and left side, and the body is 
more or less elongated, as in FourtaUsia (Fig. 87), the mouth 
being situated at one end and the anus at the other. 

The mode of development of the common sea-urchin 
(Fig. 78) has been discovered by Mr. A. Agassiz. The earli- 
est stages are much as described in the star-fish. The form 
of the pluteus larva is quite remarkable, there being eight 
very long slender arms supported by slender calcareous rods 
projecting from the body, and, during the movements of 
the animal, opening and shutting like the rods of an um- 
brella. The body is provided with a sinuous row of vibra- 

* It should be observed that the latest and best observers are at vaii- 
ance regarding the structure and function of the so-called Echinodena 
» heart. 
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tile cilia. When the larva is twenty-three days old the ru- 
diments of the five tentacles of the sea-urchin appear. By 
this time the pluteus-form is acquired, and also at this pe- 
riod the sea-urchin growing upon the deciduous pluteus 
scaffolding has concealed the shape of the digestive cavity 
of the larva, and the spines are so la^ge as to conceal the 
tentacles. The body of the pluteus is gradually absorbed 
by the growing sea-urchin ; the spines and suckers of the ^ 
latter increasing in size and number with age, until by the 
time the larval body has disappeared the young Echinus is 
more like the adult than the star-fish at the same period in 



Fte. BL-^JEEemiaster I^UippU, with the young In two of the mar^npUi.— jE^rom 
WyriUe^Thoxapeon'B Voyage of the Challenger. 

life. Grube has found that Anochanus sinensis, supposed 
to have come from the Chinese or East Indian seas, has 
no metamorjdiosis ; while Hemicbster cavernosus of Chili 
was found by Philippi to carry its young in marsupia and to 
develop directly. 

Several species of sea-urchins in the cooler portions of 
the South Atlantic, especially at the Falkland Islands and 
Kerguelen Island, also develop directly in marsupia or brood- 
hollows, without passing through a metamorphosis. In Mmi* 
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mUr Philippa Gray (Figs, 84 and 85), from the latter island, 
certain of the ambulacral plates are greatly expanded and 
depressed “ so as to form four deep, thin-walled oral cups, 
sinking into and encroaching upon the cavity of the test, 
and forming very efficient protective marsupia.^^ The 
spines are so arranged that a kind of covered passage leads 
from the ovarial opening into the marsupium, and along 
this passage the eggs, which are very largo (a millimetre in 
diameter) are passed and arranged in rows, each egg being 
kept in place by two or three spines bending over it. Here 
the eggs develop, and the embryos, after the calcareous 



Fig. 68.— Vanupinm of Btmiattir PMHgpU, cout«iiiing eggs. Mach magnllted.— 
From WyvQle'Thompaou'B Voyage of the Chaileuger. 


plates once begin to develop, rapidly assume the pareiit form ; 
when they leave the marsupium they are about two and a 
half millimetres long. In Oidaris nutrix Wy ville-Thompaon 
the eggs are protected in a sort of tent by certain spines 
near the mouth. Here the young develop without a meta- 
morphosis. The allies of these forms in the Northern At- 
lantic are either known or supposed to be metabolous ; and 
Sir Wyville-Thompson states that no free-swimming Echi* 
nodetm larvss (pluteus, etc.) were seen by the Ohallenger 
S3i|iedit£an in the Southern Ocean, 
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Taking a rapid survey of the principal forms of sea- 
urchins, we may divide the class of Echinoidm into two or« 
ders : the Palechinida, or older sea-urchins, in which the 
shell is composed of more than twenty rows of plates ; and 
the Autechinida with twenty rows of plates. *** 

Order 1. Ftdechinida , — Comprises first the suborder Me- 
lonitida^ in which there are more than ten rows of ambula- 
cral plates, represented by Meloniies of the coal formation, 
and Protechinue, Palmchinua^ Archmocidaris, etc. In the 
second suborder Eocidaria, there are ten rows of ambulacral 


plates. A type of the group, Eocidaris Kaiserlingii, appears 
in the Permian formation. 

Order 2. Autechinida , — 

To this division belong sea- 
urchins with twenty rows of 
plates. The first suborder is 
the DesmosHchay comprising 
those sea-urchins with band- 
like ambulacra extending 
from the mouth to the oppo- 
site extremity, and of more 
or less regular, flattened, 
spherical form. Such are 

Cidaris, Echinus, Echuiom- com- 

etrUf Clypeaster^ and Echi- Natural siae.— After a. 
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eeculentue Linn., of the Mediterranean Sea, is as large as 
an infant’s head, and is used as an article of food. 


In Clypeaster the body is large and the shell very solid. 
C. euhdepresBus Agassiz is common on the Floridan coast. 
An orbicular flattened type are the sand-cakes, of which the 
Echimrachnius parma Gray (Fig. 86) is abundant in the 
shallower portions of the North Atlantic, from low- water 
mark to forty fathoms. It is replaced southward from 
Nantucket to Brazil by MelKta teeiudimia Klein. 

The last suborder, Peiaheticha^ is characterized by the 


810 t^ms proposed by Haeckel, who regards these divi^ons 
as ffibriatMe, Irat we thiak they riioold momiNroperly bec^ orders. 
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leal'-like ambulacra, and the irregularly heart-shaped, often 
elongated, form of the shell, an anterior and posterior end 
being well defined. They for the most part live buried in 
the sand or sandy mud, not moving about so actively as the 
Desmosticha. 

Of the family Spatangidm the singular genus Fourta- 
h$ia (Fig. 87, P. Jeffrey sii Wyville- Thompson) deserves 
notice, the species of which are bottled-shaped, with a thin, 
transparent shell. The transition from such a form as this 
to the Holofchurians is not a very extreme one. This 
genus, A. Agassiz states, is the living representative of In- 
fulaster of the Cretaceous period. JP, miranda A. Agassiz 
was dredged in the Florida Straits, in about three hundred 



Fig. Bt.—PourtaUaia slightly enlarged.— After Wyville-Thompeon. 

and fifty fathoms, and by British naturalists in the Shet- 
land Channel. P. Jeffreysii was dredged in six hundred 
and forty fathoms, near the Shetland Islands, 

Spatangus is distinctly heart-shaped, as is Hemiaster. 
An interesting deep-sea or abyssal form not uncommon in 
deep soft mud, at the depth of one hundred fathoms, off the 
coast of Maine and Massachusetts, and extending from Flor- 
ida around to Norway, is Schizaster fragilis Agassiz. 

Echinoderms range to a great depth in the ocean, and are 
lai^ely characteristic of the abyssal fauna of the globe. In 
space they are widely distributed, there being but two 
Eohinid faunse on the eastern coast of the United States, 
one arctic, the other tropical. While a large number of 
species characterize the arctic or circumpolar regions, the 
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larger proportion of species are tropical and subtropical. 
Mr, A. Agassiz divides the Echinid fauna of the world into 
four realms : the American, Atlantic, Indo-Pacific, and 
Australian. 

Though Crinoids were the predominant type of Echino* 
derms in the palaeozoic rocks, a few star-§sh and Ophiurans 
appeared in the Upj>er Silurian period, and with them were 
associated one species of sea-urchin, PalcBchinus, though 
the genus was more numerously represented in the Coal 
period. Some Palaeozoic forms resembled the living gen- 
era Calveria and Fhormosoma, and belong to the extinct 
Carboniferous genera Lepidechinus and Lepidesthes j in all 
these forms, fossil and recent, the interambulacral plates 
overlapped one another so as to give a certain amount of 
flexibility to the shell. This feature existed in a less de- 
gree in Archwocidaris, The characteristic American car- 
boniferous genera are Melonites^ OUgoporus, and Lepidechi^ 
nu8. The Permian Eocidaris is nearly allied to ArclmocU 
darts f so that it is a true palaeozoic type (Nicholson). 

In the Mesozoic epoch (Trias, Lias, and Jura) appeared a 
more modern assemblage of Spatangidm, and genera such as 
Hemicidaris and HypodiademUy closely allied to the (7/Ja- 
ridm proper, appeared in the Trias. The Jurassic bods are 
characterized by genera allied to Diademay BchinuSy Cu 
darisy and a number of species of the families CassiduUdm 
and Galeritidm, A large number of genera survived in the 
Cretaceous period, which, however, is characterized by the 
marked development of the Spatangidee, In the Upper 
Cretaceous the earliest ClypeastridcB appeared, while the 
Tertiary Echinid fauna is quite similar to the present one. 
The striking fact in the geological history of the class is 
the persistence of many of the cretaceous genera in tlie 
abyssal or deep-sea fauna of the present time (A. Agassiz). 
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Clabs ni.-ECHINOIDEA. 

Bpherical, hmi-t^aped, or disk4ike EMnoderms, with a $oUd Ml 
moiaUe plates, beating interambulaci'al spines ; with a mouth and anal 
opening, the mouth in most of the species armed with Jhe teeth; om» 
bulaeral feet weU d&celoped. The sexes distinct. Deodopment eithor direct, 
or, as in most cases, hy,a marked mdamorphosis from a pluteus ktrva. 

Order 1. Pakehinida. — Shell composed of more than twenty rows of 
plates. Suborder 1. Meloniiida (Melonites, Protechinus, 
PalsDchinus, Archasocidaris). Suborder 2. Loddaria (Eocl- 
daris). 

Cinder 2. Autechinida , — Shell composed of twenty rows of plates. 

Suborder 1. Desmostieha (Cidaris, Echinus, Strongylocen- 
trotus, Echinometra, Clypcaster, and Echinarachnius). 
Suborder 2. Peialmtkha (Echinobrissus, Anochanus^ Pour- 
talesia, Spatangus, and Schizaster). 

Laboratory Work.—Vfe have already given some bints as to the 
mode of dissecting sea-urchins, which should be done under water in 
deep pans. Great care must be taken in removing the digestive canal, 
which is very delicate in itself, and usually filled with sand. In study- 
ing the water-vascular and blood-vessels, careful, skilful injections with 
carmine are indispensable. The spines may be studied by making thin 
longitudinal and transverse sections. The test, or shell, should be de- 
nuded of the spines in order to study the relations of the ambulacra!, 
interambulacral, and genital plates. 


Class IV. — Holothuboidea {Sea-cuctimhera). 

General Characters of Holothnrians.— We now come to 
Echinoderms in which the body is usually long, cylin- 
drical, with a tendency to become worm-like, and in cer- 
tain genera, as Synapta, Chirodotttf and Eupyrgua, it is 
difiicult both in their larval stages {Synapia) and in the 
external and internal anatomy of the adults to separate 
them from worms like Sipunculm ; authors have therefore 
been led to the adoption of one of two views : first, either 
that the worms and Echinoderms have had a common origin, 
and the latter, though truly radiate, have no near affinities 
(though strong analogies) with the Cmlenterates, or the re* 
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aemblftnoe between the two branches (Echinoderms and 
worms) is one simply of analogy, and involves no blood-rela- 
tionship. On the other hand the radiated arrangement of 
parts and the development and relations of the water-vas- 
cular system ally them, through the Otenophores, with the 
Actimzoa and Hydroida, and it seems more natural to re- 
gard the Echinoderms as forming a branch of animals in- 
termediate between the Hydroida and the worms, there 
being certain low worms with .a water-vascular system. 

But the student will bo better 
able to appreciate these general 
questions after a more or less 
thorough acquaintance with the 
forms and structure of the pres- 
ent group. For this purpose he 
should first examine living sea- 
cucumbers, and then carefully 
dissect them. A detailed study 
of the anatomy of a Pentacta or a 
Holothuria^ one a northern the 
other a subtropical and tropical 
form, and of a Synapta, found 
everywhere along our coast in sand 
below tide-marks, will give the 
groundwork ; and this knowledge, 
autoptically acquired, can then be 
corrected and extended by reading 
monographs or compiled stat^ 
ments to be found in the more 
authoritative general works on 
comparative anatomy. 

Living Holothurians can be pro- 
enred with the dredge or dug out of the sand between tide- 
marks. They should be kept in aquaria, and their move- 
ments watched as well as their mode of locomotion, and the 
action of their branchue or external gills (tentacles). 

Tl^ common sea-cucumber, north of Cape Cod, and ex- 
uding through the Arctic regions around to Great Britain, 
is Pmtacia fnmdota Jaeger (Fig. 88)* It lives from ex- 
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tjpeme low-water mark to a depth of fifty fathoms. It is of 
a tan-brown color, from six inches to nearly a foot in 
length, and in its form and the corrugations of its tough, 
leathery skin resembles a cucumber in nearly all respects 
except color. There are five series of ambulacral feet, each 
series consisting of two irregular rows. Around the mouth 
is a circle of ten much-branched tentacles or gills (homolo- 
gous with the ambulacral feet). 

On laying the body open by making a cut extending from 
the mouth to the vent, the thick muscular walls of the body 
may be observed, and the general relations of the viscera to 
the body -walls, which have nothing of the radiate arrange- 
ment of parts, so clearly marked in the other Echinoderms, 
the ambulacra, tentacles, and longitudinal muscles alone be- 
ing arranged in a radiate manner.* * *** Unlike other Echino- 
derma, the madreporic body is internal, and there is a ca- 
pacious cloaca or rectum, and a largo vent. ‘ 

On the inside of the body-walls are numerous small cir- 
cular (transverse) muscles forming slight ridges, which serve 
to contract the body, and five double large longitudinal 
muscles (Fig. 89, /) lying in the ambulacral zones. The 
mouth is surrounded by a muscular ring, from which arise 
ten large, much-branched tentacles. The pharynx, or the 
portion corresponding to Aristotle’s lantern,” of the sea- 
urchin is broad and short, with five large retractor muscles 
(f) originating from the ambulacral or longitudinal muscles 
on the anterior third of the body. The stomach is short, 
not much wider than the intestines, with well-marked trans- 
verse folds within. The intestine (t) is several times longer 
than the body, with longitudinal small folds, and held in 
place by a large, broad mesentery which accompanies the in- 
testine through the greater paH of its length. The intes- 
tine terminals suddenly, in a large cloaca (c), from which 

* In Eupyrgus and Bkhimeumfrm it is difficult to perceive any radia- 
tion in the body except in the unbroken circle of tentacles, while in 
Bipuncolus and allied worms the tentacles form a complete 

circle, and these worms have a ring-canal and an imperfect or rudi- 
mentary system of vessels thought by some authors to cmre^nd to 

the water- vascular system of Edfinoderms. 
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m one side arises the “ respiratory tree,” which has but one 
atem, and is only occasionally held in place by mus- 
jular t.tn-ftftdH. The branches are numerous, and are smaller 



Pig. i, toitaeles; /, iongitodioftl mnaciei: n letractor inos> 

t\m of the tentecQliir system; i, inteetiiie; e, cloaca; 6, respuntory tree; tr, water> 
mcttlar rhsig or nug-eanal, v, radial water<vaecaiar canal; m, maon^pofic bo^; 
pollan nMocIes; am, ampnUfe: a, a^ UKUdo-biemal contractile veeaela (from Caras); 
0, orary; pe, omQct*-~l>rawn try JT. S. Kingsley from a dissection made oy the aftthm. 


and paler than the ovarian tubes. The water enters the 
cloaca (e), passes into the respiratory tree {h)^ oovm out of 
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tbe ends of tho branches, filling the body, whence it is taken 
up by the madreporic body and carried into the water- 
Taserdar system by the narrow duct on the left side of the 
jAarynx. Besides being respiratory, this organ is supposed 
to be depuratory in its function. In some Holothurians 
certain organs (tho Cuvierian organs), supposed by Semper 
to be organs of defence, as they are readily thrown out when 
the animal is disturbed, are attached either to tlie stem of 
the respiratory tree or to the cloaca. The madreporic body 
(m) forms a rosette, partly surrounding the membrane at- 
tached to one side of the pyloric end of the stomach, and 
leads by the madreporic canal, which is closely bound down 
to the phaiynx, to the ring-canal (vr). Also connected 
with the ring-canal are two enormous Polian vesicles (p, p), 
which are nearly two thirds as long as the body ; by slitting 
up their base with scissors they can be followed to the ring- 
canal. The latter (vr) is a capacious canal surrounding tho 
mouth, and can be detected by laying open the oral-opening, 
and then by cutting across the longitudinal muscles (as &iv) 
the radial vessels may be followed along the body under the 
muscles. Just above tho ring-canal is situated the nervous 
ring (nr), and its radial nerves (n) can be traced along and 
outside of the radial water-vascular canals. The ampullae 
(am) are rod, conical, flask-shaped, conspicuous organs, lying 
irregularly, a row on each side of each longitudinal muscle. 
They are filled with water from the small lateral vessels of 
the radial water-vascular canals. The single ovary is com- 
posed of a large mass of long tubes, which are larger than 
and tangled up with tho branches of the respiratory tree. 
The oviduct is attached by a membrane to the stomach, and 
opens between two of the tentacles on the edge of tho 
mouth. 

The blood or pseudo-bssmal vessels * are difficult, without 
very fine dissections, to be made out. The system consists 
of a plexus of vessels lying next to the ring-canal, from 
which two vessels (a, o') pass along opposite sides of the in- 

• These vessels in Fig. 89 have been copied from Cams* leones Zo- 
oC<^o» ; in other rejects the drawing represents the anatomy of 
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iestiiie. A Stud containing nucleated cells dlls both the 
pseudo^hsemal and water- vascular canals. 

Hohthuria fioridana Pourtales is a large, dark-brown 
sea<^ucuxab6r, with the feet scattered irregularly over the 
body, and with smaller tentacles than in Fmtacta^ which is 
abundant just below low- water mark on the Florida reefs, 
and grows to about fifteen inches in length. The aliment- 
ary canal is filled with foraminifera and pieces of shells, 
corals, etc,; it is about three times the length of the body, 
and ends in a much larger cmcnm than that of Pentacta. 
There are two widely separated branches of the ‘‘ respira- 
tory tree,^’ one being free, and the other, tied to the body- 
walls by thread-like muscular attachments, extends to the 
pharynx. The pharynx is calcareous, while in Pentacta it 
is muscular. On the madreporio body is a group of about 
thirty pyriform stalked bodies, the longest, including the 
stalk, about a quarter of an inch in length. Succeeding 
these bodies, and situated on the madreporio canal, leading 
to the ring-canal, are a largo number of Polian vesicles, the 
largest one an inch in length. The duct passes spirally 
nearly round the oesophagus, and empties into the ring- 
canal by the ducts nearly a quarter of an inch apart. In 
connection with the tentacles or branchiae are twenty long, 
slender tentacular ampulla;, not present in Pentacta and 
Thyone, The ovarian tubes are very small, some enlarging 
and bilobato at the end. 

Closely allied in external form to Holothuria fioridana, 
though belonging to a different family (including Pentacta), 
is Tfiyom hriareus (Lesueur), which lives just below tidal 
marks, from Long Island Sound to Florida. In this genus 
the ambulacral feet are not arranged in rows, but scattered 
over the surface of the body. This species is very common, 
and as it is more accessible to the student than any other of 
the sea-cuenmbers, we give some points in its anatomy as 
compared with Pentacta, with which it is moie closely allied 
than to ffohihuria. In a specimen about eight centi- 
metres (three inches) long the intestine is over two metres 
(about seven feet) long, the cesopbagas opening into an 
eval stomaiob less than an inch in length. The tentaclei 
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are capable of being very deeply retracted, and as in 
Pentacta there are no tentacular amjmllse. The small 
madreporic body is much asnn Pen! acta, and connects with 
a duct (madreporic canal) leading to the ring-canal. There 
are three Polian vesicles, one fusiform and an inch in 
length, the two others slenderer. The cloaca is of mod- 
erate size, as in Pentacta, and the respiratory trees divide 
at once into two very bushy branches. The ovarian tubes 
form a brush or round broom-like mass or tuft, about an 
inch long, the tubes small, yellow, and of nearly uniform 
length, the oviduct straight and bound down to the walls 
of the body. 

We might here mention the most aberrant type of Holo- 
thurians, the Rhopalodina described by Semper, who states 
that the body is flask-shaped, with the mouth and vent situ- 
ated near each other on the smaller end of the body. The 
mouth is surrounded by ten tentacles, and there are ten 
papillae around the anus. There is a spacious cloaca or 
respiratory tree. Ten ambulacra diverge from the centre 
of the enlarged aboral end of the body, and extend like so 
many meridians to near the commencement of the neck of 
the flask. In correspondence with each ambulacrum is a 
longitudinal muscular band ; and it is an especial peculiarity 
of Rhopalodina that five of these are attached to the anal 
circlet, and five to the circum-oesophageal circlet^’ (Huxley). 

The earlier stages of development of Holothurians, so far 
as known, is like that of star-fishes. The larva when fully 
grown is called an auricularia. It is transparent, cylindri- 
cal, annulated, with four or five bands of cilia, and usually 
with certain ear- like projections, from which it derives the 
name originally given to this larval form. Before the auri- 
cularia is fully formed the young Holothurian begins to bud 
out from near the side of the larval stomach, the calcareous, 
cross-like spicules appear, and the tentacles arise. The ear- 
like projections disappear, the auricularia thus becoming 
cylindri<^ It is soon absorbed by the growing Holothurian, 
which in some genera is strikingly worm-like, and it seems 
that the Holo&urian is more directly developed from the 
larva than in the case of the star-fish and sea-urohins, the 
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metamorphosis being less marked — i.e.9 growth is more 
continuons, as in the Grinoids. 

In ffolothuria tremula and Synaptula xnvipara there has 
been observed a very slight metamorphosis, the young de- 
veloping directly in a marsupium, as in the star-fiahes and 
sea-urchins. Cladodactyla crocea Lesson, of the Falkland 
Islands, according to Sir Wyville-Thoinpson, carries its 
young in a sort of nursery, being closely packed in two con- 
tinuous fringes adhering to the water-feet of the dorsal am- 
bulacra.’* Ho also found that in P solus Wyville- 

Thompson, which is covered with calcareous plates, there is 
a dorsal group of larger tessellated plates, each supported 
by a broad pedicel embedded in the skin. Under these 
mushroom-like plates brood-cavities or cloister-like spaces 
are left between the supporting columns, and in this archi- 
tectural marsupium the embryos directly develop into sea- 
cucumbers. It follows that in all free-swimming Echino- 
derm larvm, there is a true metamorphosis as distinct as in 
the butterfly, while in other forms in whicli development h 
direct the embryo is sedentary and lacks the cilia and vari- 
ous appendages so characteristic of the ordinary larval 
Echinoderms ; thus there are different stages in the differ-* 
ent classes of Echinoderms between direct development 01 
continuous growth, and a complete metamorphosis like that 
of the star-fish or sea-urchin, in which the pluteus or larva 
is but a temporary scaffolding, as it were, for the building 
up of the body of the adult. 

Turning now to the classification of the Holothurians, 
and beginning with the lowest, simplest, most generalized 
forms (which are also remarkably worm-like), and ascend- 
ing to higher or more complicated forms, we find that there 
are two orders, those without feet (Apoda) and those with 
ambulacral feet {Pedata).* 

♦ It is possible that the Holothurians should be divided into two sub- 
<^»88es, on© JMpb^rnidea Semper, In which the body is spherical and 
the mouth and anus are close together, with ten ambulacral rows, etc., 
and the normal, cylindrical, bipolar Holothnrians. Sonper’s 
dm is based on Shopaiodim> lagemforirm 0ray, from the Congo Coast, 
and regarded by Semper as the type of a fifth class of Echinoderms. 
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Order 1. Apoda. — The simplesfc apodous form is Hie 
JBupyrgus ecaher Lhtken^ in which the body shows no 
extern^ signs of longitudinal muscles, though there are 
fire small ones, and is covered with spine-like, soft papill® 



bearing calcareous plates. We have dredged it 
frequently on the coast of Labrador in shoal- 
water. It has a circle of fifteen unbranched 
tentacles, and is about one centimetre long. 
It also occurs in Greenland and Norwegian 
waters. Myriotrochus has a transparent skin 
dotted with minute white spots, which, when 
magnified, appear to be wheel-like, calcareous 
plates. It has a single Polian vesicle, and there 
is no respiratory tree nor Cuvierian appendages 
(Huxley). We have dredged this beautiful 
form (if. Rinhii Steenstrup) in sand, in shoal- 
water, on the coast of Labrador. A very com- 
mon Labrador Holothurian is Chirodota Imve 
Grube (Fig. 90). It lives in shallow, sandy, 
retired bays, and is whitish-gray, with five dis- 
tinct muscular bands and scattered white spots, 
which are calcareous, wheel-like bodies situated 
in the skin. 

Near Synaptay is Leptosynapta Girardii 
(Verrill), our common east coast species, which 
lives in sand at low tide. The body is very 
long, and the animal when disturbed constricts 
its body and breaks up into several pieces. The 
skin contains perforated plates and anchor-like 
bodies (Fig. 91). In this genus and those pre- 
viously mentioned, constituting the suborder 
Apneumona and family Symptidm, the sexes 


^iiiited in the same individual, and there 
a. is no respiratory tree, while the tentacles are 
simply digitated or lobulated. 

The next suborder, Pneumophora, forming the family 


Me^^didmy is characterized by having a respiratory tre^ 
In Caudina the skin is rough with calcareous piecesi the 
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body ends i& a long, tail-like proloagation ; (7. armai^ 
Stimpson has fifteen four-pronged tentacle; it is com- 
monly thrown up on the beaches 
of Hassaehusetts Bay. A deep- 
water form, a member of the 
abyssal fauna, is Malpadia tur- 
gida Terrill, which we have ^'oQ' 
dredged in over one hundred ^On/ 
fathoms in the Gulf of Maine, 
and which ranges southward to Tig. n. - Hooks imd plates of 
Florida. It has a head-end like «'^<>»'<'«-Af«>rVerrUL 

the neck of a bottle, and the end of the body suddenly con- 
tracts into a tail, with a very small anus. There are fifteen 
tentacles. 

Order 2. Pedata^ or Holothurians with feet. The mem- 
bers of tho first family {Dendrochirotm) have tree-like, 
branching tentacles, retractor muscles, without Cuvierian 
organs. It is represented by Thy one and Pentacta, while 
hero belong also Lophothuria Fdbricii Diiben and Koren, 
P solus phantapua and P, squamatus, in which the body is 
armed with heavy calcareous plates, and the feet are confined 
to a ventral creeping disk. 

In tho highest family, AspidocMrotcSy there are tentacular 
ampullsB ; tho left respiratory tree is bound to the body- 
walls, and there is a single ovary, while Cuvierian organs 
are present, Holoihuria is the typo of the group. //. eduUs 
Lesson, of the Moluccas and Australia, and H, tremula 
forms, when dried, the trepang sold in Chinese markets. 
Our H, fioridana has been dried and exported to China as 
an article of food. 

In their geographical distribution the Apoda are mostly 
boreal and arctic. Of the Pedatcty the DendrochiraUB are 
mostly northern or arctic, while tho highest group, Aspi^ 
dochtrotm^ are mainly tropical. Certain genera (ITohtkuriat 
JPsohiS^JPentactay Chircniota, and Bynapia) are almost 
cosmopolitan. 

A few forms attain a great depth, and certain abyssal 
forms are often highly colored. One species, Sywgpta 
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BimilU, lives in brackish water, according to Clans. Sup- 
posed plates of Holothurians have been found in the 
Jurassic rocks. 


Class IV.— IIOLOTHUROIDEA. 


Worm4ike, cylindriml EcJiinodet'inSy with a muscular hody-waU ujxiaHy 
containirig (udc^reom bodies ; with adrde of branched tenicuUeSy a iermimd 
opening of tiui intestine ^ madrepork pla-te internal ^ and umally a I'ts- 
piratory ccecal appendage. Unisexual or bisexual^ developing by a metamor- 
phosis from cylindrical, auriaulated, free-mcimming larva; or ametaholous. 
Order 1. Apski . — No ainbulacral feet. Family 1. Synaptidm (Eiipyrgus, 
Cliirodota, Synapta), Family 2. Molpadidee (Caudina, Mol- 
I)adia). 

Order 2. Pedaia . — Respiratory tree present, and the ambulacral feet. 

Bisexual. Family 1. Dendrochirotee {Thyonfi, Psoius, Echi* 
nocucumis, Pentacta). Family 2. Aspidochirotce (Stichopus, 
Ilolothuria, Aspidochir). 


Tauitlaii View of the Classes and Ohdeks of EcuiNODEKM.vrA. 


PcAUita. 

(Holothuria.) 


Apoda. 

(ChlrodoU.) 


1 1 Auiechinida. 

' ' (Echiiiuf*.) 

IIOIX)T11UROIDKA. I 


Palechinida. 

(Melonites.) 


Echinoidka. 


Asteridea. 

I OphiurkUa. 

I (Ophium.) 


Asteroidea. 


Brachiata. 

(Snerinns.) 


CysUdea, 

(Sphseronlte#.) 


Blasitoiden. 

(Peutremltee.) 


Crinoidea. 


ECHINODERMATA. 
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Laboratory TTorA.—The Holothurlans are easily dissected by cutting 
the body open longitudinally, aud pinning the specimen down in a 
dissecting-pan, with wax on the bottom lor holding the pins. The 
calcareous plates can be extracted from the body-walls by being placed 
in a solution of potash and mounted in balsam as microscopic objects. 



Encrinus or Stone Lily. 



CHAPTER V. 

BllANCil V.— VERMES (V^^oems). 

General Characters of Worms.— Having studied the 
one-cclled animals, or Protozoans, and tlie radiated animals, 
or Coilcntcratcs and Ecliinoderms, we pass to an assemblage 
of forms which even in the simplest types are seen to have a 
dorsal and ventral, a right and left side, and a head and tail 
end. It is rare that the form of a worm is so modified by its 
habits or surroundings but that we are able to call it a worm, 
though when wo attempt to draw up a definition of the 
branch or sub-kingdom Vermofi, one which shall exclude the 
worm-like llolothurians or the Mollusks, or certain low mites 
and Crustacea, or even the Ampkioxus, wc find it impossible 
to lay down a set of characters which shall accurately and 
concisely define tliem. This is due to the fact that the worms 
are par vxcvUvnre a generalized, synthetic type, from which 
the other hi anches of the animal kingdom above the Protozoa 
and sponges iiave probably originated. It will be well for 
tlu‘ student not to trouble himself at first about a definition 
of tlie branch, hut to study with care the leading types, and 
then, in a review of the group, he will have a more or less 
definite idea of tlie sub-kingdom, and perceive where its bor- 
ders, here and there, merge into other branches, and he will 
be then able to understand the grounds for the speculations 
regarding the phylogeny or ancestry of the other branches, 
which have all an apparent starting-point from low or simple 
fonns resembling such worms as Ave are next to describe. 

As a provisional definition of a typical worm, we may say 
that it is a many-celled, three-germ -layered, bilateral animal, 
with a well-marked dorsal and ventral side and a head and 
tail end, with the body in the higlier forms divided at reg- 
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ular intervals into segments (somites or arthromeres), with 
usually a definite relation of the more important viscera to 
the body-walls — i.(\, & digestive tract extending from the 
head to the end of tlie body, the nervous system consisting 
of a brain, or supraoesophageal ganglion, and a single or, 
more commonly, double chain of ganglia, resting on the 
floor of the body ; a dorsal vessel or heart is usually present 
being situated above the digestive tract. True jointed 
appendages are never present, and in the embryo the 
blastoderm is usually without any “ primitive streak (the 
Annulata excepted). This definition will exclude tlie \vorm- 
like Actinozoa and llolothurians. 

Before describing the lowest class of worms, we may call 
attention to a small aberrant group called Memzm by K. 
VanBeneden, the position of which is doubiful, though the 
animals composing it are probably aberrant worms. 

In 1830 Krohn observed in the liquid bathing the spongy 
bodies,” or venous appendages, of different species of 
Ce])halopods certain filiform bodies, covered with vibratilo 
cilia, and resembling Inf usoria. They were afterward named 
Dicyema by Kulliker, who with others considered them as 
intestinal worms. In 187G Professor E. Van Boneden gave 
a full account of their structure and mode of development. 
He states that these organisms have no general body-cavity, 
but that the body consists (1) of a large cylindrical or fusi- 
form axial cell, which extends from the anterior extremity 
of the body, which is slightly enlarged into a head, to the 
posterior end ; (2) of a single layer of flat cells forming 
around the axial cell a sort of simple pavement ejnthe- 
lium. All these cells are placed in juxtaposition like 
the constituent elements of a vegetable tissue. Tiiere is 
no trace of a homogeneous layer, of connective tisftie, of 
muscular fibre, of nervous elements, nor of interceiular 
substance. There is only between tlic c(‘lls a homoge- 
neous substance, such as is found between epithelial 
cells. The axial cell is regarded as homologous witli tlie 
endoderm of the higher animals (MrMzoa). Van Jteneden 
designates as the ectodermic layer the cells surrounding the 
large, single axial cell. There exists no trace of a middle 
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layer of cells, nor of any organs, all the animal and vegeta^ 
tive functions being accomplished by the activity of the 
ectodermic cells and of the single axial cell. There is no 
mesodermic cell or cells. On account of these characteris- 
tics, Van Beneden 
regards these or- 
ganisms as forming 
the type of a new 
branch of the ani- 
mal kingdom, 
which he distin- 
guishes as Mesozoa, 
He places the 
branch, or sub- 
kingdom, between 
the Protozoa and 
all the many-celled 
animals {Metazoa) , 
and includes the 
hypothetical Gas- 
treeades of Haeckel 
in the branch. 
While this position 
may prove to be 
the correct one, we 
should prefer, while 
not overlooking the 
resemblance of the 
Dicyemidm to the 
Infusoria, and even 
the Gregarinse, to 
wait for more light 
on the development 
of the parasitic 
Platyhelminth 
worms. It is not improbable, on the one hand, that the 
Dicyemidm^ retaining their parasitic life, are retrograde 
forms, which have originated from some low Cestoid or 
Nematoid worm, and bear the same relation to them, the 
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Cestoids especially, which have no body-cavity, as the Tar- 
digrades or Linguatulm do to the higher Arachnida. 

Each species of Dicyema and Dicye'tnella (Fig, 92) com- 
pnses two sorts of individuals, differing externally, one (the 
Nematogene) producing vermiform embryos, the other 
{Rhomhogene) infusoriform (but many-celled) young. The 
Nematogenes produce germs which undergo total segmen- 
tation, and assume a gastnila condition. After the closure 
of the primitive opening, the body elongates, and the worm- 
like form of the adult is finally attained, when it passes 
through the body-walls of the parent. 

The germs of the Rhombogenes arise endogenously in 
special cells lodged in the axial cell, and called “ germi- 
gencs.’’ The germ-like cells undergo segmentation, and 
then form small spheres, which become infusoriform em- 
bryos. The worm-likc young is destined to be developed 
and livo in the Cephalopod where it has been born, while 
the infusorian-like young probably performs the office of 
disseminating the species. It is possible that in those ani- 
mals, such as the Cetacea, which feed on cuttlefishes, these 
worms (the Nematogenes at least) may pass into a genuine 
vermian form. 


Class I. — Platyhelmikthes {Flat-icormsy Tape-tvorms^ 
Fluke-worms y etc.) 

Order 1. Turhellaria. — In any pond of standing water 
one can find on the under side of sticks or stones, small 
dark flat worms. Those arc Planarian 
worms. The common dark-brown, 
almost black Planar ia torva Miillcr 
(Fig. 93) is about six or eight milli- 
metres long, oblong, flat, with two 
black eye-spots, with an oblong oval 
space in front of each eye. A form 
allied to this is a perfectly white Plana- 
rian called Dendrocoslum lacteum Oersted, which lives under 



Fig. 93. Fig. 94. 
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Bubmcrged stones, sticks, and leaves in ponds. The body 
is partly transparent, with a dark area representing the 
stomacli, from which branch out at right angles a multi- 
tude of c(ecal caiuils (gastric cceca). It has two small 
black eye-specks. Closely allied to this Hat worm is an eye- 
less form inhabiting the streams of the Mammoth and ad- 
joining caves, which may be called Dendroccelum jwrcoemm 
(Fig. 94). 

The foregoing forms are easily obtained by the student, 
who can study their habits in confinement. Tlicy all be- 
long to the order TurheUaruiy which is characterized by the 
flat, oval body, covered with cilia. 'Tlie ciliary motion can 
be detected, as Moseley has done, by placing a little arrow- 
root meal or fine bits of paper on the back of the animal ; 
these were seen to move in a forward din^ction on the an- 
terior part of the body of Geoplana flitvii Moseley, a Bra- 
zilian land-planarian, and ])osteriorly they moved backward. 

.In all regions of the dorsal surface it moved outward, 
as w<as observed by Fritz. Muller, at the same time as back- 
ward or forward, and was tlius rajndly thrown off at the 
side of the body, the dorsal cilia ajiparently subserving 
especially this function of the speedy removal of foreign 
substances from the surface of the body ’’ (Mos(dey). The 
striKjture of the flat worms may be understood by referring 
to Fig. 95, which illustrates the anatomy of a common 
European marine flat-worm. The digestive canal opens by 
a mouth situated usually behind the middle of the body, 
which leads into a chamber containing a cylindrical or 
funnel-shaped jiroboscis, capable of being suddenly thrust 
out. The digestive canal is either a short blind sac, or is 
long, forked, and eitlier simple or much branched (Fig. 
95, e). 

These worms have a so-called water- vascular system, con- 
sisting of two lateral canals and numerous branching lat- 
eral stems, with a common opening or pore in the skin be- 
tween the two main stems, or there may be many pores. 
The vessels are ciliated within, and are supposed to have a 
respiratory or excretory function. The nervous system con- 
sists of a double ganglion situated on the front end of the 
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body (Fig. 95, /), from which nerves pass in different 
directions, but a true nerve-cord is not known witb cer- 
tainty to exist.* The eyes are very simple, indicated by 
two or more, sometimes 
thirty, dark pigment spots. 

In certain forms, such as 
Macrosifomitm, there is a ni- 
dimentary ear (otocyst). 

Most of the Planarians, 
land and aquatic, liave organs 
of defence in the form of 
minute, stiff rods, cither 
coiled up in an irregularly 
spiral manner, or short and 
straight, contained in oval 
cells. These bodies are shot 
out in great numbers when 
the animals arc irritated, but 
are not retractile, being pro- 
ieeted clear from the akin, 
in being neither retractile 
nor barbed, they differ from 
the lasso-cells of the jelly- 
fishes. That, however, they 
lire true urticatiug organs 
lias 1)0611 proved by Mr. 

Thwaites (at the suggestion huo 
of Mr. Moseley), wlio 

t'jKTin-wtc ; fw, opfiiiiiK Into the oviduct. 

land -planarians with his 

tongue, felt an unjileasant tingling or scalding sensation, 
accompanied by a slight swelling. 



Fie. limiqala. a. : 

o, Jnioral cavity ; c, cvr-ophatipal orifice ; </, 
Htoniach ; c, bnirioht'H »»f flu; i^tomwcU j j , 
on ^uijfriia ; (j, tf'Htcs : A, vckIcuIw wmlnaicH ; 
" /N 1 i luiilc tri'ultfil'Cftnul z A*, ovlductu i t, 

touching certain Ceylonese 


* Schmarda describes the nervous pyst<3m of BliKtUwn det^rofifiUm 
as formed of two pairs of ganglia, f roin the liinder of which ariw twrt par- 
allel nerve-threafls, wliich dilate into at least nine swellings. Mowiley 
discovered no more than one pair of ganglia in the species of 
he exatninofl. Blanchard has demonstrated “successive ganglionic 
repetitions along the nervous-threads at the right and left sides of to 
mid-lino of the body of a large Planarian {Polycladwi Uoyi Blanch.). 
Clark’s Kind in Nature,” p. 353. 
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The Turhellaria are hermaphroditic, the ovaries and testes 
with the accessorj apparatus (Fig. 95) being present in the 
same individual ; but in many forms the sexes are distinct 
Little is known of the development of the flat-worms. 
In a common marine Planarian, Stylochus elUptica (Girard), 
which is about two centimetres long, and lives under stones 
between tide-marks, north of Cape Cod, the eggs are depos- 
ited in May and June, in a thin, viscid band, on stones and 
sea- weeds. The eggs undergo total segmentation in four or 
five days after they are laid. The larva is round, ciliated, 
with a caudal flagellum. In eight or ten days after the 
larva has hatched, it stops swimming about, and becomes a 
‘‘mummy-like body,’^ which Girard calls a “chrysalis.^’ 
In this state it floats about in the water. Its further his- 
tory is unknown. 

In Lcptoplana {Polycelis), according to Keferstein, the 
yolk undergoes total segmentation as in Stylochus ; the 
outer layer of cells fo7*ms a blastoderm which surrounds the 
more slowly growing cells within. Keferstein describes 
and figures the various stages by which the spherical cili- 
ated embryo attains the form of the adult, whose devel- 
opment seems to be less in the nature of a metamorphosis 
than that of Stylochus, 

The Planarians also in some species mul- 
tiply by fission, and when cut into pieces, 
according to H. J. Clark, each piece may 
eventually become a well-formed Planarian. 
Clark figures in his “ Mind in Nature' ’ two 
Planarians derived from two sections of 
Dendrocmlum lactcum, which became fully 
developed within eleven days after the opera- 
tion. Several Turbellarians are known to 
undergo spontaneous fission. 

Catenula Umfim Dug5s, by transverse di- 
vision, forms chain-like aggregations, and 
a South African species, C, quaterna^ of 
Schmarda, has been found by him to have the 
Fig, 9G represents two individuals (much 
enlarged) in partial division, and a chain of four individ- 



FJg. 

to ifuatema wnder- 
goiug «elf>divislon . 
— jmer Schmarda. 

same habit. 
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uals, natural size. The same process of strohilation Ims 
been carefully observed by Graff in Microsknmim linmre 
Oersted, In the chain of four individuals (Fig. 97) I indi- 
cates the division of the first order, and II those of tlio 
second order ; at the points in the zooids marked 111 there 
are indications of a future third subdivision, and at IV of 
a fourth ; so that potentially the chain con- 
sists of sixteen zooids, and the division is 
first indicated in the digestive tract which 
forms subdivisions with septa reaching to 
the body-walls, while secondary and tertiary 
mouth-germs appear in the- division-sections 
(w', m\ Fig. 97). 

Huxley in his Manual of the Anatomy of 
Invertebrated Animals states that in some 
genera of Turbellarian worms a difference 
is observed between the eggs produced in 
summer, which liavc a soft vitelline mem- 
brane, and those produced later. These so- 
called winter ova have hard shells. 

The genuine flat-worms are divided into 
two suborders : Rhahcloeoela and Deyidroaela, 

In the former group there is an extensible 
pharynx, and the digestive tract is not 
branched. The Ilhabdoccela are represented 
by Catenula, Prostomum, Microsiomum, etc. 

The Dendroccela sometimes have two tenta- 
cle-like continuations of the front end of the 
body. The digestive canal has one anterior, two 
posterior large, and many secondary branches, 
and a proboscis. Here belong the Planarians jSlc^fl 

of fresh and salt water, and the Geojdanidee 
or land-planarians, represented in the United 
States by Rhyncodesmus sylvaiicus Leidy. The only para- 
sitic species of the order known are Stimpson’s Cryptocce- 
turn opamm, which infests the sand-cake {FchinarachniuH 
paryna), and Typlilocokix acuminata, which lives on a llolo- 
thurian (Chirodota) ; while Semper has described Anoplo^ 
dium Schneider which lives in the intestines of Stichopui 


n 
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vaTiegdtum and MoMcria lecanord, two East Indian Holo- 
thurians. 

The Planarian worms merit careful consideration, as it is 
possible that the Mollusca have originated from primitive 
forms resembling them. 

Order 2. Having studied the Planarians, 

we shall be able to ai)])rec;iate the characteristics of the Tre- 
Wiitodo worms, which are all parasitic, and are constructed 
on the dcndrocwlons jdanarhin type, more or loss modided 
hj their parasitic life, some being external, but most of 
them internal ])arasites. They closely agree with the Ti/r- 
hellaria in form, never being segmented. The mouth-open- 
ing is usually situated near the fore-end of the body (some- 
times in the centre), leading by a muscular pharynx to the 
digestive canal, which is forked and ends in two eu^ea. Uiii- 
(^ellular glands open into the pharynx. In one genus {Am- 
phUlna) there is no digestive canal. 

ll^ie dh’emat(»des usually possess what the Turhellariaiis 
do not have, a siudcing-disk (Fig. 08, B, s), situated a little 
behind the middle of the body, by which they adhere to the 
walls of the organ of tiie host they inhabit. The so-called 
water-vascular^ or excretory system forms a network of 
vessels branching from two main lateral tubes, which unite 
to form a contractile vesicle ending in a terminal pore, or 
the main branches may end in two or more lateral pores. 

The fact that there is no anal opening seems to confirm 
the idea that the water-vascular system is excretory, thus 
affording the only outlet for the waste products of diges- 
tion. There are no blood-vessels or respiratory organs, and 
the surface of the body is not ciliated except in the embryo. 
The nervous system is usually represented by a single gan- 
glion, like that of the Turbellarians. Eye-spots are some- 
times present in the young, which, with other points in their 
organization, tends to show that the Trematodes have origi- 
nated from Turbellaria, having been modified by their para- 

* That the so-called water-vascular system is mainly at least excretory 
in its function seems proved by the fact that the fluid i^ watery and 
contains granular concretions, thus resembling the urinary excretions 
of the higher animals. 
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sitic life, and with somewhat the same relations to Turbella- 
rians as Lernsean parasites have to the normal Coppoda, or 
water-fleas. 

There is always one sucker which usually encircles the 
mouth, the other (yentral) sucker varies in position, and 
sometimes there is, as in the externally parasiiic J'oh/shh 
mid(B {Aspidogaster, Polydomum, etc.), a sucker on each 
side of the mouth-opening. In some forms there are two 
large chitinous hooks in the median line between the hinder 
suckers, of which there may be several. 

The reproductive glands are more or loss complicated, and 
are much as in the Turbellarians. The eggs are formed (as 
in Cestodes, Turbellarians, and Itotifers) by two distinct 
glands, a germigene and a viielhgenc, the latter forming the 
nutritive mass which envelops the protoplasmic germ or egg 
proper, the entire mass being afterward enveloped ])y the 
egg-shell. Fre(piently two or more eggs are cnclosial in 
one shell. The s])ecies are mostly monoadoiis, the external 
opening of the oviduct and the large intrornittant organ 
being contiguous. 

The development of the egg begins by Hu])di vision of the 
nucleus ; the nucleolus then divides, and SLibsc(jueiitly the 
protoplasnjic mass. The yolk, however, remains entirely 
independent of this division, and serves as nourisiiment for 
the other cells forming the body of the embryo. From K. 
Fan Benoden’s observations it appears that the eggs of the 
lower flukes, as a rule, undergo total segmentation, and the 
young of the IHstornem are hatched in an oval ciliated 
“ trochosphcrc ’’ form, without eye-specks, as in jyiMmia 
and AmpliiMoma ; or, as in the Polysfo7nr(r, there is no rneta- 
morpliosis, but development is direct, the embryo passing 
directly into the adult condition. 

It was not known before tlie publication of Stoenstrup’s 
work in 1842 that certain worms called Ccratricp were the 
free larval forms of the Distomes. The Cermria echinaiay 
first described by Siebold, is like a DintojiiioVy except that 
the body is prolonged into a long extensible tail. This tail, 
says Steenstrup, is formed of several membranes or tubes 
placed one within the other, of which the outermost is a 
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very transparent epidermis, tinder which is a tolerably thick 
membrane furnished with transverse muscular fibres, while 
between each pair of these transveree fibres is placed a globu- 
lar vesicle which appears to be a mucous follicle or gland ; 
the innermost tube is opaque and of firmer consistence ; it 
contains the longitudinal muscnlar fibres, and is usually re- 
ticulated on the surface. Through the centre of these tubes 
there passes a slightly narrower canal, which becomes very 
small toward the extremity of the tail. The existence of 
the same layers in the body itself of the Cercaria can easily 
be demonstrated ; but the transversely striated layer is here 
not so much developed. 

Steenstrup states that these Echinate Cercari® (Fig, 98 ) 




Fig. W.— Metamorphoftis of a Cercaria Into a Diatomam. ,4, parent nurse ; «, germs ; 
a, nurse, j5, larva. C, encysted, pupal Cercaria. I?, adult Distomum.- After 
Steenstrup. 

are found by thousands, and frequently by millions, in the 
water in which two of the largest European fresh- water 
snails, Planorhis cornea and Lhnnwus stagnalis, have been 
kept. After swimming about in the water some time, they 
fix themselves by means of their suckers {B, s) to the slimy 
skin of the snails, in such numbers that the latter look as if 
covered with bits of wool. 

The Cercaria, by contractions of its body and violent lash- 
ing of the tail, forces its way into the body of its host, loses 
its tail, and then resembles a mature Di stoma. By turning 
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about in its place and secreting a slime, a cyst is gradually 
formed, with a spherical shell. This constitutes the papa 
state of the Oercaria. Sbeenstrup thinks that the Cercaria 
casts a thin skin. In this state the body can be seen throiia'Ii 
the shell of the cyst, as in Fig. 98, C\ where the circle of 
spines embedded around the mouth is seen. The encysted 
Oercarise remain in this state from J uly and August until 
the following spring ; and during the winter months, in 
snails kept in warm rooms, they change into Distomiis (Fig. 
98, D), the mature fluke differing, however, in some im- 
portant respects from the tailless larva). In nature they 
remain from two to nine months in the encysted state. 

‘‘ Now,” asks Steenstrup, “ whence come the Cercarias 
Bojanus states that he saw this species swarming out from the 
king’s yellow worms,” which are about two lines long and 
occur in great numlxjrs in the interior of snails. From these 
are developed the larval Distomes, and Steenstrup cfills them 
the “ nurses ” of the CercariaB and Distomes. TJiey exactly 
resemble the ‘^parent-nurses” (Fig. 98, yl, and 100), and, 
like them, the cavity of the body is filled with young, which 
develop from egg-liko balls of cells. Steenstrup was forced 
to conclude that these nurses originated from the first nurses 
(Fig. 98), which he therefore calls “ parent-nurses.” Here 


the direct observations of Steenstrup 
on the Cercaria echinata came to an 
end, but he believed that the parent- 
nurses came from eggs. Tlic link in 
the cycle of generations he supplied 
from the observations of Siebold, 
who saw a Cercaria-like young (Fig. 
99, B) expelled from the body of the 
ciliated larva of Monostomiim muta- 
MU, Steenstrup remarks that “ the 



first form of this embryo is not un- Fig. 99. -Development of 
like that of the common ciliated pro- ; t 

geny of the Trematoda, as they have sieboid. 

been known to us in many species for a long time, and it 
might at first sight be taken for one of the polygastric in- 
fusoria of Ehrenberg, which also move by cilia ; whilst in 
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the next form which it assumes the young Monostomura 
hears an undeniable resemblance to those animals which 
I have termed ‘ nurses ^ and ^ parent-nurses ^ in that species 
of the Trematoda which is developed from the Cercaria echi- 
naia.^* 

Thus the cycle is completed, and the following summary 
of changes undergone by the Distomes i^resent as clear a 
case of an alternation of generations as seen 
in the jelly-fishes : 

1- 3‘’gg- 

2. Morula. 

3. Ciliated larva. 

4. Iledia (parent-nurse, Proscolex) produc- 
ing 

5. Cercaria (nurse, ^^colcx). 
h. Encysted Cercaria {PnujJottis), 

7, Distomiim (Pro(jloitis). 

The Distomum echi^iaiiuu (Fig. 100), living 

in snails which arc eaten by diu*ks, })avG been 
sliown by St. George to develop into the adult 
Distoma in the body of that bird. It is gen- 
erally the case that those Distomes wliich pass 
through an alternation of generations live in 
the larval state in animals which serve as food 
for higher orders. Thus the Bucephalus of 
the European oyster passes in the encysted 
state into a fish which serves as food for a 
larger fish, Belone tmlgaris, in whoso intes- 
tine the adult of the same worm, a species 
Immn of Gadcrostomuin, occurs. The American 

infested by Bucephahis cuctclus Ma- 
vaisandBonedeu, erady. It infcsts the ovary of the oyster. 
Whether it is permanently injurious to the latter is un- 
known. 

Fasciola hepaiica (Fig. 101), the liver-fluke, sometimes 
occurring in man, is thought by Dr. Willemoes-Suhm to 
begin its existence as Cercaria cystophoruy parasitic on a 
species of Planorbis. 

It is most abundant in sheep in the spring, several hundred 




HABITS OF FLUKF^WOBMS. 


151 


occurring in the liver of a single sheep. At this time it passes 
into the intestine, and thence is carried out with the excre- 
ment. The eggs or flukes in many cases drop 
into pools, ditches, or ponds ; here tlie cili- 
ated young (like Fig, 00) is liberated, and 
soon the cilia? arc absorbed, when it becomes 
inert, and probably soon afterward enters 
the body of a snail {Planorhit^, etc.), wiiere 
it transforms into a large sac, and devel- 
ops new larvic in its interior. This sac- 
like larva is called a nnrse/* sporo- 
cyst,” or, when more highly develo])e(l, a 
’’ The progeny of the rcdia is 
termed a cercaria. ’’ The ccrcaria* are 
restless, migrating from the bodies of their 
snail-host, and have been known in a few 
instances to penetrate the skin of human 
beings. They are probably more usually 
swallowed by sheep and cattle while drink- 
ing or grazing, when snail-shells may be 
accidentally swallowed. From the dig('s- 
tive canal of sheep, etc., the evrearia })enetrates into the 
liver, where it probably loses its tail and becomes encysted, 
after many weeks or even months becoming a sexually ma- 
ture distome. From the liver it passes out through the 
liver-ducts into the intestine, and is finally cxiielled, thus 
completing its cycle of life (Cobbolcl). 

DiHiomiim lanceolahcm Mehlis differs from Fmciola he- 
pntica in the intestine being simple and forked, while that 
of the latter is much branched. It has occurred but three 
times in man, but is not rare in the sheep and ox. It has 
been detected in Europe in the pig, deer, rabbit, and hare. 
Two immature Distomes have been found in the human 
eye, and Cobbold thinks they may both bo the young of 
D, lanceolatum. It is described by Diesing under the name 
of Distonturn oplithalmohium, is half a lino in length, and 
occurred between the lens and its capsule, appearing as dark 
spots on the surface of the lens. Distomum crmmm Busk 
and Z>. heteropkyes Siebold have each been only once 
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fomid in man, the former in a Lascar, the latter in an 
Egyptian boy. 

Bilharzia hmmatohia Cobbold is common in the portal 
system of blood-vessels and in the veins of the mesentery, 
bladder, etc., of Egyptians, and has caused an endemic dis- 
ease at the Cape of Good Hope. In Egypt, out of three 
hundred and sixty-three post-mortem examinations, this 
worm occurred one hundred and seventeen times. It is 
bisexual, the female greatly smaller than the male, living in 
a canal or passage in tlie male formed by the infolding of 
the edges of the concave side of the body, called a gynmco- 
phore. There are three other rare human flukes known : 
Tetrastoma renale Delle Chiaje, ITexath^jriditim piriguicola 
Treutler, and IL venarum Treutler, the latter occurring in 
the veins (Cobbold). 

The nurse of Bisiortium macrostomuni Eudolphi (Fig. 
102), described under the name of Leucocliloridium, is 
cylindrical, and strongly resembles a maggot ; its strange 
habitat is the tentacles of a snail {Succinea). 

Of the second suborder, Polystomem, the species have two 
small anterior and one or several posterior suckers, and a 

pair of eyes. They are 
mostly external parasites, 
like the leeches, and un- 
dergo no metamorphosis. 
In some forms the body 
is segmented. 

A type of this suborder 
i s A spidog aster co7icJi i - 
cola Baer, which inhabits 
^ Natural size, tuc pencardial cavity of 
fresh-water mussels, and 
also is an ectoparasite of fresh- water fishes. Diplozoon 
consists of two Trematodes very intimately united into an 
X -formed double animal. In the young stages the two ani- 
mals are separate, and in this state were described under the 
name of Diporpa. Diplozoon paradoxum Nordmann lives on 
the gills of numerous fresh-water fishes. Polystomum has 
a flat body, without suckers on the fore end, with six suck- 
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erg and two largo median ventral kooks on tko kinder end. 
Ike ripe eggs are deposited in the water in winter, when 
the ciliated young, with four eyes and without suckers, find 
their way into the gill-cavities of tadpoles, whence, during 
or after metamorphosis, they pass into the urinary bladder 
of young frogs ; F. integerrimum Rudolph! lives in that 
of Rana temporaria (Claus’ Zoologie). 

A case of budding or parthenogenesis is said to occur in 
the genus Gyrodactylus, This is a very small Trematode 
with a large terminal disk, bearing a peripheral set of pow- 
erful hooks, with two long curved median spines. The 
body of the hermaphrodite worm shelters a daughter, a 
granddaughter, and great-granddaughter generation. G, eh- 
gam Nordmann lives on the gills of Cyprinoid and other 
fresh-water fishes. Dactylogyrus lays eggs, not being par- 
thenogenetic ; it has four head -flaps. i>. amphibofJirium 
Wagener lives on the gills of the stone-perch ; I), fallax 
Wagener on Cyprimis rutihis. 

Order 3. Cestodes, — The common tape-worm is the tyjMJ 
of this order. Specimens may be procured from physicians, 
and a careful examination of cross-sections and ordinary 
dissections will convince the student that the ta}>e-worm has 
no mouth, although a head armed with suckers or hooks. 
The body is divided into an enormous number of segments 
or proglottids, but there is no digestive canal, the worm 
living immersed in the contents of the intestines of its host ; 
its food being absorbed from the juices of its host through 
the walls of the body. 

The tape- worms and their allies are not known with cer- 
tainty to have any trace of a nervous system. The water- 
vascular system is well developed in the Cestodes, where it 
seems to be excretory in its functions, as in the Trematodes. 
There are usually four, sometimes only two, longitudinal 
canals, which are connected in the head and in each segment 
with transverse anastomosing branches, while from these main 
canals a network of fine vessels branch out. Granules and 
whitish chalky deposits occur in the canals, and these con- 
cretions, like similar bodies in the excretory canals of Tre- 
matodes, seem to have, Leuckart claims, a relation like that 
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of the crystals of oxalate of lime in the urinary tubes of 
many insects and the concretions of phosphate of lime in 
the organ of Bojaniis of Lamellibranch mollusks.^ The 
canals terminate in a small pulsating vesicle and pore, as in 
the Trematodes. 

The Cestodes are hermaphroditic, and each of the body- 
segments except those nearest the head contains male and 
female reproductive organs. The male parts consist, as in 
the Trematodes, of testes, vasa deferentia, and a muscular 
sac with a cirrus or intromittent organ, which may penetrate 
the vagina of the same segment. The female organs consist 
of an ovary (germigene), yolk-stock (vitellogene), uterus or 
matrix, receptamiluni seminu, and vagina, the latter opening 
by a pore situated in Tmnia (Fig. 107) on the side, or in 
Boihriocejdialus on the ventral surface of the segment. 
There is a great deal of variation in the reproductive organs 
of the tape-worms; a general idea of the relations of parts 
may be obtained by reference to Figs. 107 and 109. The 
ovary forms the most important part. It is much devel- 
oped and very complicated in structure. As Gegenbaur 
states : “ The ])reservation of the species is here subject to 
innumerable difiiculties, owing to the animal living in dif- 
ferent hosts at ditferent stages of development, and to the 
wanderings which this mode of life entails ; consequently a 
large number of ova have to be produced, and the cer- 
tainty of fecundation insured.’’ (Elements of Comparative 
Anatomy, second edition, English translation.) The 
male organs and products are first developed, and the 
receptaculum seminis stored with spermatic cells before the 
eggs fully develop in the ovary, and all these parts develop 
earliest in the terminal segments of the body destined to 
form the proglodides. 

Development begins very probably, as in the Trematodes, 

* This is Lcuckart’s opinion. Sommer and Landois claim that these 
bodies are scattered through the substance of the body, and do not 
occur in water-vessels. Huxley endorses this view. But if thesf3 bodies 
are concretions and the water-vessels ai*e mainly excretory, as they cer- 
tainly appear to be, we should judge that Leuckart's view was the bet- 
ter grounded. 
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through multiplication by division of the nucleus (gormi- 
native cell). In the eggs of Twnia bacillar is E. V an Beiiedeu 



Fig. m.-T<^nia mlium. Nat. bIkc, KM.-Head and pro^lottJaof 

with the head magnified. Strobila stage. T. solium . — After Jkneden. 

—After Beneden. 

saw the nucleus subdivide ; after passing througli a morula 
condition the cells are arranged in two layers, and the outer 
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layer ia thrown off (this probably corresponding to the serous 
membrane of insects and Crustacea) ; the central mass 
(which is not hollow as in the gastrula of other worms, a 
digestive cavity not being present in after life) forms the 
embryo, and soon three pairs of hooks arise. Three struc- 
tureless membranes are secreted around the embryo, which 
then hatches. The embryo of Bothriocephalus is provided 
with a ciliated membrane, which corresponds to the first 
blastodermic moult of the embryo Taenia, which, on the 
other hand, is not ciliated. 

The history of the human tape- worm, Tmiia solium (Fig. 
103) is as follows : the eggs eaten by the hog are developed 
in its body into the larval tapeworm (scolex), called in this 
species Gysticercus cellulosm (Fig. 105 ; Fig. 106, head en- 
larged). The head with its suckers is formed, and the 
body becomes flask-shaped ; the Cysticerci then bury them- 
selves in the liver or the flesh of pork, and are transferred 
living in uncooked pork to the alimentary canal of man. 
The body now elongates and new joints arise behind tlie head 
until the form of the tapeworm is attained, as in Fig. 103. 

The hinder joints then become filled with eggs and break 
off, becoming independent zooids comparable with the 
“ parent-nurses ’’ of the Cercarias, except that they are not 
contained in the body of the Tsenia (aa in the Cercaria), but 
are set free. The independent joint (Figs. 104, 107) is 
called a “ proglottis. ’’ It escapes from the alimentary tract 
of its human host, and the eggs set free, in and about 
privies, are swallowed by that unclean animal, the pig, and 
the cycle of generations begins anew. We thus have the 
following series of changes, which may be compared with 
the homologous series in the flukes : 

1- Egg- 

2. Morula. 

3. Double- walled sac (gastrula ?). 

4. Proscolex, free embryo with hooks, surrounded by a 
blastodermic skin. 

5. Scolex (Gysticercus, larva). Body few-jointed. 

6. Strobila (Taenia). Body many-jointed. 

7. Proglottis (adult). 
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The common human tape- worm, Tmnia solium Linn,, 
varies from ten to thirty? feet in length ; tliere are upward 
of eight hundred joints in a worm ten feet long. The head 
ends in a rostellum or proboscis armed with a double crown 
of hooks ; the first proglottis or sexually mature segment 
begins at the 450th. While in some persons the presence 
of a tape-worm is simply an annoyance, in nervous and irri- 
table persons it causes restlessness, undue anxiety, and vari- 
ous dyspeptic symptoms. In rare cases (over a hundred are 
known) death has resulted from the presence of the Oysticer- 



Fig. 106.— Head of Tamia acanthatritM (CyRticercus) 
enlarged, nhowing the suckers (S) and circle of hooks. 


CU8 in the brain. “ Cysticerci may develop themselves in 
almost any situation in the human body, but they occur 
most frequently in the subcutaneous, areolar, and intermus- 
cular connective tissue ; next, most commonly in the brain 
and eye ; and, lastly, in the substance of the heart and other 
viscera of the trunk (Cobbold). Among the preventive rem- 
edies against tape-worms is the disuse of raw or underdone 
pork, and ‘‘measly” pork — i.e,, the flesh of swine contain- 
ing the little bladder-like vesicles. Cysticerci, or larval tape- 
worms, can be readily distinguished, but when thoroughly 
cooked are harmless, as the temperature of boiling water is 
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sufficient to kill the Cystieerci. Butchers especially suffer 
from tape-worms, from their hahit of eating bits of raw 
meat, beef and veal luirboring Cysticerci, which transform 
into species of Tmnia nearly as injurious as Twnia solium. 
As a matter of course, in the use of drugs to expel a tape- 
worm, they sliould be pushed so as to carry off the entire 
animal, as new segments grow out from near the head as 
rapidly as tlie proglottides are detaclied. 

The Oysticercus of another injurious tape-worm lives in 
the muscles and internal organs of cattle. This is the Tmnia 

muliocandlata of Kvichen- 
meister, which is larger, 
with a larger darker head, 
d larger suckers, and wdth- 
out a rostrellum or hooks, 
liy far the most injurious 
species is Tmnia echinococ- 
cus Siebold (Fig. 108), 
d more frequently causing 
death than any other en- 
tozoon. In its adult or 
strohihi state this worm 
only infests the dog and 
wolf, but its larva, the 
hydatid of physicians, fre- 
quently occurs in the hu- 
man body. It is very 
small, seldom exceeding 
six millimetres in length, 
there being but four 
segments, including the 
Pig. lOT.—Progiottipi of T. ftolUim. a, teptip ; head, which hiis a pointed 

rostellum, with a double 
After Beuedt-ii. crowii of largc-rootcd 

hooks ; there are four suckers present, and the last segment. 



when sexually mature, is as long as the anterior ones taken 
together. The hydatid (proscolex) forms large proliferous 
vesicles, in which the scolices (Echinococcus heads) are de- 
veloped by budding internally. About live thousand eggs 
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are developed in a single segment {proglottis). The six- 
hooked embryos develop, arc expelled from the dog, and 
find their way in drinking-water or in food into the human 
intestines, whence they bore into the liver, their favorite 
habitat, or are carried along tlic blood-vessels into some 
other organ, wdiero they develoj) into bladder-like bodies 
called accphalocysts or hydatids. In its 
earliest stages the hydatid is spherical and 
surrounded by a capsule of condensed con- 
nective tissue of its liost. By the fourth 
week the young T. erhinocorcus is one half 
a millimetre (one-fiftieth inch) in length, 
and it is probably many months before the 
Echinococci heads arc entirely developed. 

When this stage is reached the tape- worms 
become sexually mature in from seven to 
nine weeks after, when the milk-white 
worms may usually be found embedded in 
the mucus of the duodenum and np])er 
part of the small intestines, witli their 
heads attached to the villous surfaco of 
the intestine. The hydatids or cysts in 
which the Echinococci develop are of 
three kinds — viz., exogenous, endogenous, 
and multilocular, and lie embedded in the 
parenchym of the liver, etc,, and are tilled 
with a clear amber-colored fluid. The 
Ecliinococcus heads, first on the inner sur- 
face of the cyst and in the interior of tlie 
Echinococcus-head (brood-capsule), devel- 
ops a second brood of scoliccs, contained 
m a secondary cyst, i^inally, a tertiary echinococci. - 
cyst, containing tertiary or granddaughter 
scolices, arises. Sometimes the secondary hydatids will de- 
velop scoliccs and granddaughter vesicles before the original 
maternal hydatid has acquired Echinococcus heads (Cob- 
bold). 

The largest human tape-worm is Bothriocephalus latu$ 
Bremser (Pig. 109). 
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This worm is extremely rare in America, but is common in 
Western Switzerland and Central Europe, and in the north- 
western and northern provinces of Russia, Sweden, and 
Poland. It is sometimes twenty-five feet long, and nearly 
an inch broad, with 4000 joints. The club-shaped head is 
unarmed, and the first sexually mature segment is about 



. lOft.— Male roproSnetivo organa, with parts of the female of Bothrlocephalyts 
t, testicular follicles, only a part are repn^sented ; m. their excretory ducts ; 
TJflf, vas deferens ; c, cirrus ; eft, sac containing the eirrns ; v, uterus containing eggs ; 
ov, ovary; gl, shell-gland ; e, water-vascular trunks ; r, vaginal canal. -After Landois 
and Sommer ; from Oegonbaur. 

the 000th from the head. Leuckart has suggested that 
the young of this tape-worm originate in salmon and 
trout. 

The sheep-hydatid is the larva of Taniia ccenuriis (Figs. 
110 and 111), the adult infesting the dog. Tlie presence of 
one or several of the hydatids in the brain of the sheep pro- 
duces the “ staggers or vertigo. The vesicle varies in size 
from a pea to a pigeon’s egg. It is bladdor-like, filled with 
a clear pale yellow albuminous secretion, with a great num- 
ber of retractile papillae (/>, g), which are the tape- worm heads 
connected by narrow stalks to the common vesicles support- 
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mg tiie colony. This hydatid also infests cattle, the horse, 
goat, various species of antelope and deer, the dromedary, 
and, it is said, the rabbit. “ In the sheep the disease is rec- 
ognized at first by a heavy, stupid, wandering gait, which 






Fig. 1 YO.—A, brain of a eheep which three weeks previous had swallowed Home eggs 
of T. camtr%u, and which was killed after having ahown alt the symptoms of “ itng- 
cere,” B b, laolated gallery formed by the wonn at the anrface of the* brain, the aco- 
lex being found at the end of the gallery. Be, vesicle (proacolex) larfore the birth of 
the acolex, B d, vesicle in whi^ the* ncollces will npr^r. 6’, ve«iclw which have 
produced some acolices. D. the hydatid vtwlclo containing gg, the secondary vesicles, 
j?, scolex of T. catnuru*. corresponding to a secondary vesicle D g, and very much 
magntfied wid invaginated. a, point at which the head of the worm will Issue out ; 
6. point of junction with the hydatid vesicle ; c, hooks ; d, the auckcra : e, the neck ; 
/, the wall of the hydatid cyst.— After Bene^. 


is frequently succeeded by irregular, tortuous, whirling 
movements of the body, accompanied with convulsions (Cob- 
hold). 

The simplest form in the order is Caryophyllmus^ in 
which the body is not jointed in the adult, though it is so 
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in the young, and there are no suckers or hooks ; while 
there is but a single set of male and female reproductive 
organs situated in the posterior end of the body, which can 



^ link between the Treviatoda 


Fig. Ill .-Head of T. ccP.nurm Been from CestodeS. CaryOpJiyll(BU& 

2uTuchei^‘.-An2rsieMl'‘“‘“' ■>nutahilis Rudolphi lives in 

the intestines of Cyprinoid 
fishes ; the young in a worm, Tuhifex rivuloruin, 

Tetraryhnehus is provided with four very long slender 
extensile spiny ceplialic processes or beaks. The young live 
encysted in bony fishes, the adults occurring in the intestines 
of sharks and rays. 

In Ligitla the body is ribbon -shaped, not jointed, with a 
scries of sexual organs, and there are no suckers, and some- 
times no liooks. Z. simplicismna Rud. lives in fishes and 
amphibians, and attain maturity in the intestines of water- 


birds, which feed on the former animals. This genus con- 
nects the simpler tape-worms with Bothrlocephalus and 
Twfiia, 


Class I,— PLATYIIELMINTHES. 

More or lem flattened worms, with ihe body usually unsegmented ; the- 
head in the Cestodes often armed with hooks or suckers. Simple or branched 
{7'urbeUarui) or forked {Tremntoda) digestive tract, but no general body - 
cavity . {The digestive, cavity is entirely wanting in the Cestodes.) JVervous 
system represented by a cephalic ganglion, wliicli in the Cestodes is absent. A 
system of vessets corresponding to the wnter^Tascular system of Echinoder?ns, 
hut mpjmed to he mainly excretory in function. Moncsewiis, rarely bi- 
sexual. Ovaries differentiated into a germigene and riiettogene ; often par- 
thenagemtic, accompanied by strobilafion in the tape-worms. When alter- 
nation of generations occurs by budding, the sexual animals are united with 
ttwir nurse or a sexual fomn into a polymorphic colony. 

Otder 1. TurbeHaria . — Flattened orate worms, with a nervous gan- 
glion in the head ; usually eye-specks ; body externally cili- 
ated, with a rauch-branched digestive canal. Nettling 
organs often present. Unisexual, rarely bisexual ; strobi- 
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lation very rare ; a metamorphosis In the Jhndr^mla, the 
larva being a trochosphere. Suborder 1. WMbdoactla (Mo- 
nocelis, Catenula, Mesosiomum). Suborder 2. Dendrocaia 
(Phmaria, Dendrocoelum, Geoplana, and Bipallum). 

Ord£r2. Usually flat, oval» rarely cylindrical, not seg- 

mented, parasitic worms, with a mouth, forked intestine, 
no anus ; a largo sucker near the luuldlc of the body, or 
several smaller ones ; either with a metamorj>hosis (Dis- 
tomeae). the larva living in mollusks, etc,, the adult in ver- 
tebnites ; or with dire(tt development {Pidyntonu'ct). Sub- 
order 1. DiHfonuuB (Monoatomum, Ampliilina, Distomum, 
Amjdiistomum). Suborder 2. PolyHlomm (Aspidogastcr, 
Diplozoon, Polysiomum, Gyrodactylus). 

Order 3. Ce^t4Hles. — Parasitic, usually ribbon-like worms, without any 
mouth, digestive canal, or nervous system ; with an (ex- 
endory) water-vascular system ; hermaphrodite, th<5 joints 
(proglottis) numerous and containing male and female rc- 
pnMluctive organa ; the eggs mimitc and vi^ry numerous. 
The mature worm is many jointed, tin; joints budding out 
from near tlie Ii(‘ad ; in this form it is called a Htvoblhi ; 
the terminal joints fall off. becoming independent 
The eggs after fertilization pass through a morula and 
gastrula stage, a eirele of hooks and suckers developing ou 
the head (Garyophyllajus, Tctrarhyuchus, Ligula, lioth- 
riocephal us, Tienia). 

iMhoraijory Work . — The flat worms have been most suet^essfiilly 
studied by flue injections, especially by slicing hanleinai w;ctions, 
wiiiirli should be stained with carmine, and mounted for the micro* 

SCOiHJ. 


Clak.s II. — Nkmatelmtktuks {Round, Thread-wormn), 

General CTharacters of Thread-worms. — These worms uro 
either free or parasitic; examples of the former exist in 
abundance under stones, etc., between tide-marks, lying 
in coils; small, almost minute species occurring in fresh 
water and in damp earth, while the parasitic species, which 
are the mo^^t numerous, live free in tlie alimentary canal or 
imbedded in the flesh of their hosts, especially fishes and 
mammals* The species arc remarkably persistent in form, 
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Hie specific and generic diflerences being yery slight. They 
bEve amouth and digestive canal (except in Eckinorhynchus), 
ihe integument being hard, chitinous, and not segmented 
except in Eesmoscolex, which approaches in this respect the 
innelids), and usually smooth, except in EchinodereSy which 
s variously armed with hair-like spines. Each end of the 
>ody is much alike, the mouth situated at the anterior end, 
md the anal opening at or near the conical tip of the body. 
Chere are two long vessels which extend from a single com- 
non pore situated on the median line of the under side of the 
)ody, a short distance from the head ; these are supposed to 
36 excretory vessels. In uiscaris and Oxyuris a nervous ring 
juiTOunds the oesophagus, from wliicli two nervous threads, 
one dorsal the other ventral, pass to the end of the body, and 
there are six other smaller longitudinal nerves. TJie gangli- 
onic cells lie near the nervous ring, forming a suboesopha- 
geal, supraoesophageal and lateral ganglion, and there Is also 
a caudal ganglion. In some free-living J^J'ematodes there aio 
eye-specks. 

The Nematodes are usually bisexual ; Pelodyies is her- 
maphroditic, while the same individual oiAscaris nigrovenosa 
at first produces sperm-cells and afterwards eggs. The males 
differ from the females in their smaller size and the usually 
cuiwed end of the body. While most of tliesc worms lay 
eggs, some, as in Trichina spiralis, bring forth their young 
alive. 

The mode of development of these true Nematode worms 
{Echmorhynchus excepted) so far as known is quite uniform, 
growth being direct, without any metamorphosis. The 
germ is formed in three ways : (1) usually the egg under- 
goes total segmentation ; (2) others, as in Ascaris dnitata 
and Oxyuris amhigua, do not show any apparent trace of seg- 
mentation, while (3) in Cucullanns clegans there is no yolk, 
the nucleus absorbing all the vitelline matter, which is lim- 
pid and transparent. The germ consists of a single series or 
circle of cells bent on itself, somewhat as in Fig. 120, which 
represents a little more advanced stage in Sagitta, and there 
are a few cells representing the endoderm. The embryo 
rapidly assumes the adult form before hatching. 
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Orrfer 1. AcanihocephalL — These are aberrant Kematode 
worms (sometimes referred to a separate class), without any 
mouth or digestive tract, but with an extensible spiny beak, 
living by imbibition of the fluids of the alimentary canal of 
their host 

The thick subcuticula is penetrated by a network of ves- 
sels, whose trunks form two oval bodies of unknown use 
called lemnisciy which liang down free in tlie body-cavity. 
The sexes of Echinorlnjyirhus arc distinct. The eggs arc 
usually s])indle-shaped. The embryo develops in the body 
of the parent worm, and is surrounded by several membranes, 
with a circle of hooks arranged bilaterally around the mouth. 
The embryo coniiiins an oval mass of nuclei, being the rii- 




Vlg. 112. — Bchinoryn<Jiu*^ head retracted and in the second flirure extmded ; mag 
Hilled, a, oval pore ; b bi protractile inus'cles ; c c, Jeinnieci.— After Owen. 


dimen ts of an intestinal canal. Finally it passes into 
some crustacean or insect, in whose body it becomes so far 
developed, tliat when its host is swallowed by some vertebrate, 
such as a fish, the embryo is liberated in the intestines of the 
second (vertebrate) host and soon attains sexual maturity, 
Nearly a hundred species are known. 

Ecliinorhynchus (figas^ tlie female of which is 50f centime- 
tres (20 inches) in length, lives in the small intestine of the 
pig. Its eggs pass out, becoming scattered on the ground, 
where they are eaten by the white grub or larva of the Euro- 
pean cockchafer. The egg-membranes burst in the stomach 
of the grub, and the embryos thus liberated penetrate, by 




168 


ZOO LOOT. 


female is white and from eight to ten millimetres in length; 
the male is only two or three millimetres long. 

The largest known round 'worm is the palisade worm, or 
Eustrongylm gigas Rudolphi, the female of which is a 



Fig. 

fvris vtrmicnia- 
rU. ft. iniiye, nar- 
nr«l size ; b. the 
same enlarged — 
After Beueden. 



Fig. 115. — Ontftffi* 
fnermiciilnri». a, fe- 
male, notnrnl sixo • b, 
the same enlarged. — 
After Beneden. 



Fig. \\^.^Trichocxfhabigdi»- 
jwr. a, male, natnral size ; h. 
enlarged ; c. female, iiatoral 
size. — After Beneden. 


metre (about 30 inches) in length, and the size of a quill ; 
the male is one third as long. It is rare in man, and occurs 
especially in the intestines, and sometimes the kidneys of 
such mammals as live on fish. The mouth is surrounded 
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by six tubercles. Enstrongylus papiUosns Diesiug, accord- 
iug to Wyman, lives coiled up in the brain of the anhingu, 
or snake-bird of Floridtu E. huteonis Packard was fomul 
living under the eyes of BtUeo SwaifiMoni, and E. chordriUs 
Packard in the brain of the night-hawk. Dochmius dtioden- 
alls Dubini lives in the smiill intestine of man. 

Trichocephalus dispar Iludolphi (Fig. 110) lives in tlio 
emciim of man, with the smaller anterior part of the body 
buried in the mucous membrane. 

The most formidable round w'orm is the Trichina spiralis 
Owen (Fig. 11?). The body is regularly 
cylindrical, tapering gradually from the 
posterior end to the head. The end of the 
b(xly of the male is without a si>ieuluni, but 
with two conical terminal tubercles. It is 
1.5 millimetres long. The female is 3 mil- 
limetres in length. 

Vivi})arous females begin about eight days 
after entering the intestine of their host to 
give birth to the larvm, which bore through 
the w'alls of the intestines of their host, 
passing into the body-cavity, and }>artly in- 
to the connective tissue, and also, by means 
ot the circulation, into the muscles. In 
about fourteen days the worm coils up 
spirally in a cyst (Fig. 11?), which eventu- 
ally becomes ealeareons and whitisli. When 
the flesh of the pig, infested by the eneysUHl 
larva;, is eaten by man, the young worms 
are set fre(; in the stomach of their new host, and in three 
or four days become sexually mature. The female Trichina 
IS capable of producing a thousand young. The oi'iginal 
host of tla; Trichina is the rat ; dead rats arc oftem de- 
voured by ])igs, and the use of raw or ])artially cooked |H>rk 
as food is tlic means of infection in man. 

Another w^orm, occasionally parasitic in sailors and resi- 
dents of the East Indies, is the Filaria medinensis Omelin, 
or Guinea-worai. It is remarkably long and slender, some- 
times over two fc‘ct in length. The female is vivijwrous, 



Plff. 117.- Trichina 
rjncyftccl in hmuRu 
GrrHfly niHii 
uified.-- AllcT I^ uck- 

an. 
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while the mnle is unknown. Tlie worm lives in the con- 
nective tissue under the skin, especially of the extremities. 
As the body of the female is full of young, the worai has to 
be carefully and slowly extricated, so as not to be broken and 
cause the embryos to be scattered under the skin of the host. 
Carter regaixls a small w'orm {Urolaben paliistris) frequent in 
brackish water, as the immature form of the Guinea- worm. 
It is also believed that the embryos enter the bodies of water- 
fleas (Cyclops, etc.), and there moult, and that cotisequently 
they may be introduced into the body by drinking standing 
Avater ; but this has not been proved. Other species live in the 
pei-itoneiim of the horse and apes, and an immature s]>ecies 
{FilarUt IvntU) has been foinnl in tJie lens of the liiiinaii 
eye. Filaria S(tiujuinls~ho)ninis is a Avorm of inieroseopic 
size found living in the blood of the mos<]iiilc> in India and 
Cfliiiia. It is said that the eggs are swallowed in the Avator 
drunk by man, are hatched in bis intestines, and obstruct 
tlu; smaller blood-vessels, causing, it is claimed, various 
forms of elephantoid disease, perhaps even leprosy. The 
inoscjuilo sucks up Ihe parasite in the blood of leprous pa- 
tients, voiding the eggs in the pools it fre(|uents. Filaria 
heiaaUva has occurred in ihe blood of the fmtiis of a dog 
whose heart Avas tilled Avith them. Kars of Avheat are 
often infested hy a minute Nematode {Tylenchns f<aindens 



Fig:, ns.— Younsr Wheat-AVorm, ptjatly masruifiert, 
fT, Hoctiou of “ clKiur.*' soino woriii!^ and mnlti- 

ludea ol niagiuticd ; b, an citntAinuig; a worm 
ready to hatch.— From Curtia, iifwr Bauer. 


Schneider, A ngu il- 
hila frit id of Need- 
ham, Fig. 118 ). 
Other species live in 
flowers, moist earth, 
and sour decaying 
substances. Anguil- 
hda aceii Ehreii- 
l)t‘rg is from one tf> 
two millimetres in 
length, and lives in 
vinegju*. 

The genus Chwlo- 
soma lives free in 


the sea, and has a broad swollen liead beset with fine baii-s. 


It apparently connects the true Nematodes Avith Sagitla, 
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The second suborder, Gordiacea or liair- worms, differ in 
their mode of development from the true Nematode worms, 
the embryo of Gordius being armed with oval spines, thus 



Fig. (tquafkm. A, cgs ; B, egg ntidcrffolng iwijnH;ntatlon of tho 

yolk; C, embryo (t;a8fnila) with the pnmillvc htomacb. an infold of iho outer gvr- 
minai layer of cells (ectoderm); D. embryo furlber advanced ; E, larva, with the 
three circ lea of 8[)jiK‘8 rclmctod within the o-hophoguf*: F, the »^ame stage greatly 
enlarged to aliow the Intcmttl organn; c. middle circle of ppinea, the head hi ing 
retracted; m, muscular layci (?) ; i, beak or proboaciH; i, infCHtino ; z.s. embryonal 
cells; /, cxcreU>n’ lube leading from f/. the secretory glands; <r,, texophagns; e, rec 
turn; «, anus. G. the second larva, encysted in a fi^h— (after Vlllot). 11, Gi/rdimf 
vaiius, end of body of male, much enlarged. I, GorUinx aqKUlkua. end of body 
ot male, much enlarged. K, GorUtits aquaUcue, natural suie.— <U, I, K, drawn from 
nauirt* by J. S. Kingsley.) 

reminding us in this rcsjicct of Evhinorlujnchif but the em- 
bryos, lurva3 und tidult huve u well-develojied aliincnUry 
canal. 
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The hair-worms belong to the genera Mermis and Gordius. 
In the former genus tlie head is beset with papilla*, and the 
end of the body of the male is undivided, while the oviduct 
of the female opens in the middle of the body. The larva 
is unarmed and lias no metamorphosis. Mermis actiminata 
Lcidy is pale brown and jmrasitic in the body of the cater- 
pillar of the coddling moth ; another species lives in the 
bodies of grasshojipors. 

The true hair-worm, Gordins, has no papillae on the head, 
and the tail of the male is forked, while the oviduct of the 
female oi>ens at the end of tlie body. The following account 
of the develo])ment of the common Gordins aqnaiicns Linn, 
which is a parasite of the locust and other insects, and is 
common to Europe and this country, is tiikm from YilIot^s 

Monograj)bi(‘ des Drugonneaux.’’ 

The eggs (Fig. 110, yi) arc laid in long chains ; they are 
white, and excessively mirnerous. TJio yolk undergoes total 
segmentation (Fig. 110, JJ). At the close of this period, 
wlien the yolk is surrounded by a layer of ccdls, the germ 
elongates at Avhat is dt‘stined to he the head-end ; this layer 
pushes in, fonning a cavity, and in this stage it is called a 
‘^gastrula” (6’'). 11 v this time the embryo becomes pear- 

shaped (D) ; then it elongates. 8ubsc(iuently the internal 
organs of digestion are formed, together with throe sets of 
stiff, spine-liko appendages to the head, while the body is 
divided by cross-lines into segments. The head lies retracted 
within the body {£). 

In hatching, it jtierces the egg membrane by the aid of its 
cephalic armatui*c, and escajK*s into the water, where it passes 
the early partof its life. Fig. 119, F, rei>rcsents theembryo of 
Gordius aqnatieus greatly magnified. It will be seen how 
greatly it diffei's from the adult huir-w’orm, having in this 
stage some I'esomblancc to the Acanthocephalus by its ccplialic 
armature, to the Nemaioidea or thread-worms by its alinien- 
tai\y canal, and in the nature of its secretory glands to the 
larvae (cercaria) of the Trematodes or lluke-worms. But the 
hair-worm differs from all these woitus and even Mermis, a 
hair-worm much like and easily confounded with Goixlius, 
in having a complete metamorphosis after leaving the egg. 
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When ill this stage it incessantly protrudes and retnxets 
its armed head, the spines being directed backward when the 
head is out. 

In the first period of larval life the worm lives encysted 
in the bodies of aquatic fiy larvie. The vessel in which 
M. Villot put his Gordius eggs also contained the larva? of 
Tanapus, Corethra, and Chironomus, small gnat-like flies. 
He found that each of these larvae contained numerous cysfs 
with larvae of Gordius. He then removed the larva? 
from the cysts, placed them on tlic gnat-larva, and saw the 
larval hair-worm w'ork its way into the head of the gnat- 
larva through the softer jiart of the integument ; during the 
process tlic spines on tlie liead, reversing their usual position, 
enabled the w^orm to retain its ]>osition and penetrate farther 
in. Then, finding a suitable ]>laee, it carno to rcKst, and re- 
mained immovable. ^J’hen the fluids bathing the parts co- 
agulated and formed a hard, graniilatcul sac. 1'his sac at 
first closely (‘11 velopes the body, then it becomes looser and 
longer, the worm living in the anterior ])art, tln^ front end 
of the sac being probably never closed. In this first larval 
state the worm is active. 

In the second larval period the young hair-worm lives mo- 
tionless and eneyst(‘d in the rn neons layer of the intfjstines 
of such small fish as prey on the gnat-larva?. A minnow, for 
example, swallowing one of the a(|uatic gnat-larvoB, the en- 
cysted larva becomes set free by the process of digestion in the 
stomach of the fish ; tlie cyst dissolving, the young hair- 
worm itself becomes free in the intestine of its new host. 
Immediately it begins to bore, aided by the spines around 
the head, into the mucous membrane lining tlie inner wall 
of the intestine of the fisli, and there becomes encysted, the 
■worm itself lying motionless in its new home, with its head 
retracted and the tail rolled in a spiral. The cyst is either 
spherical or oval. (Fig. 119, G.) 

The return to a free state and an aquatic life occurs in the 
spring, five or six months after the second cncystment. It 
then bores through its cyst, and passes into the intestinal 
cavity of the fish, and from thence is carried out with the 
faeces into the water. On contact with the water great 
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changes fake place. The Tiumerous transverse folds in the 
body disappear, and it becomes twice as long as before, its 
liead-arrnatiiro disappears, the body becomes swollen, milky, 
and pulpy. It remains immovable in the water for a vari- 
able i)eriod. and then iiuu'eases in size ; the integument grows 
liardcr, and when about two inches long it turns brown and 
begins to move. Most Jjair- worms live in ground beetles 
and locusts, twining round the intestines of their host, 
finally jmssing out of the anus. They arc often seen in 
fresh water j)ooIs, twisted into knots, whence their name 
Gordlm. ^'hey sometimes occur in horse-troughs, whence 
they are su])posed by the ignorant to be transformed horse- 
hairs. 

Order 3. Chodognalhi. — 'I’his group is represented by a 
single genus, which, from the singnlarii ies in its form 

and structuni, has by different authors been referred to the 
Crnsiacoa. the Moll usca and even the Veriebrates. Its clc- 
v(‘]opment and struct lire sliow^ that it is elosely allied to the 
^Nematode W'orms. Jt is about two con ti moires (nearly one 
half ineb) in Icnglli, and is found swdmming at the surface 
of the ocean in different parts of the world. The lateral and 
caudal fin-like exjiansions of the skin of the end of the 
body gives it a tlsh-1 ike appearance. There is a well-defined 
head, with several curved spines on each side of the mouth, 
which serve as jaw^s ; besides these, at the sides of the head 
arc four sets of short, strong spines. In tbc young Sagitta 
there are also a few pairs of J itcral spines behind tlie head, 
but these afterwards disappear. The alimentary canal forms 
a straight tube terminating in a ventral opening near the 
posterior fourth of the body. The nervous system consists 
of a brain from which two nerves are distributed to the eyes, 
and tw^o lateral nciwes piiss backw^ird to a large ventral gan- 
glion lying near the middle of the body, from which tw^o 
threads pass backwards. The sexes are united in the same 
individual, the two long tubular ovaries communicating by 
two long ciliated oviducts, each wdth a separate outlet at the 
base of the tail. Behind the ovaines and anus are tw^o cham- 
bers in which the sjxirmatic particles are developed from mass- 
es of cells floating freely in the perivisceral fluid, and escai>- 
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ing by a lateral duct on each side of the tall. Tho egg passes 
through a morula and gastrula stage (Fig. 120). The prim- 
itive opening {a) afterwards closes 
and a new opening is made at the op- 
posite pole, which is the permanent 
mouth. Tho embryo is oval at first, 
but soon elongates, and the form of the 
adult is attained before the Sagitta 
leaves tho egg. Sagitta elegans Ver- 
rill is about IG millimetres in length, 

and is common in the waters of New is? ~<>a8triiia of sa- 

gitta.— After Kowalovsky. 

England, 



Cl\ss II.— NEMATELMINTITES. 

Iinnmi‘bodied worms, with a detm iniegament, riot jointed ; with an alL 
nientari/ at nal {except in KchinorhgncJim); no water- ixismlar or respira^ 
tory system ; the nervous sysieon usually reduced to a brain and two tier- 
mus threads passing along the body ; with cxcretoi'y organs. The head 
sometimes hooked or spiniilakd; and except in KeMnorhynchus and Oor~ 
diacea no metamorphosis, the young Imtching in the form of the aduU, 
Mostly parasitic, and usually bisexual. 

Order 1. Cylindrical, with a beak armed with hooka, 

without mouth or digestive tract. (Echinorliynchus.) 

Order 2. Nematodes.— himg, slender, cylindrical, with a rnouth and 
intestine ; but no metamorphosis. Suborder 1. True Ne- 
matodes (Ascaris, Oxyuris, Eustrongylus, Triehoccpbalus, 
Trichina, Fihiria, Anguillula, Echinoderes). Suborder 2. 
Oordiarxa (Mermis, Gordius). 

Order 3. Chaetognalhi, — Having a well-marked head, with lateral and 
caudal fin-like expansions of the skin ; hermaphrodite. 
(Sagitta.) 

Laboratory Work, — These worms are to bo mainly sought for in 
the alimentary track of fishes and mammals, while Sagitta may be 
caught with the tow-net. They may be studied with good success be- 
sides the ordinary mode of dissection, by cross-sections for the mlcro- 
8coi)e, 
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Class III. — TIotatokia {Rotifers). 


General Characters of Rotifers.— The Rotifers, or wheel- 
aniinalcnles, arc abundant in standing water, in damp moss, 
etc., and in tlio occ^an, and are so transparent that their in- 
ternal anatomy can be studied without dissection, while they 
arc so minute, being from one fortieth to three hundredths 
of an inch in length (f to J mm.), that high powers of the 



Vi\,—SqHamdln oblnnqa^ mafmifled 900 
dlamelcwi. A view from below: lihell or cara- 
pace {Sy : a, iho anterior transveri-e 
of the carapace ; a’, the anterior, and a*, the 
posterior corners of tlie carapace; a", the border 
of the oval, flat area which occupies the louver 
face of the carapace ; Ih, the cilia- nenrinjrvelnm 
of the head; t, the fork of the tail (/’) , m, the 
mouth : jaws ; muscles which move j ; at 
stomach ; Ci\ the contractile vesicle, or heart of 
the excretory system ; cv^, c?*’. the right, and 
et)*y cv*, the left excn.'tory vessels ; eg. egK 
two largely developed young,— After Clark. 


the velum of the larval mollusk. 


microscope arc needed in 
studying them. They are 
of special interest from 
tlie fact that after being 
dried for months to such 
a degree that liitlo if any 
moisture is left in the 
body, they may be revived 
and become active. Pro- 
fessor Owen has observed 
the revivification of a 
Rotifer after having been 
kept for four years in dry 
sand. 

As an example of tlie 
ordinary type of Rotifer 
we may cite Squamella 
oUonga (Fig. 121), Avhich 
is allied to Brnchiojuis. 
Tlie characteristic organ 
of the Avhecl-a; 
is the vehun {lb) or 
of ciliated wheel-like flaps 
on each side of the head, 
which is comparable to 
Ry means of the rotiitory 


movements of this velum the creature is whirled swiftly 


around. The body is broad and flattened, with the walls 


often dense, chitinous, sometimes shell-like, and variously 
sculptured, or the animal may bo long and wormdike, as in 
Rotifer vulgaris (Fig. 122). The body is composed of severdi, 
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not over six, segments. A Eotifer may, in fact, be regarded 
as an advanced trochospJiere or more properly cepJialula, and 
comparable with the larvae or cephalulm of mollusks, Poly- 
zoa, Brachiopoda and the Annelids. The alimentary canal 
consists of a funnel-like cavity, the mouth, which may 
be central, or situated on one side of the head ; it leads 
to the mastax or phar}mx-like muscular sac, supporting 
a complicated set of chitinous teeth within (malleus 
and incus) which seize and masticate the food, which, 
through the rotary action of the velum, passes 
down the bucc.'il channel or mouth-opening, and 
lodges -within the mastax. The so-called sali- 
vary glands arc two large, clear, vesicular 
glands, which are attached to the funnel and 
rest on the summit of the mastax. The latter 
opens into the cesophagus, ‘‘a membranous 
tube, capable of great expansion and contraction, 
but varying much in length and diameter in 
different genera.’’ Gosso also states that a cur- 
rent of water apjjears to bo almost constantly 
setting through the funnel and mastax, and 
ilieiiee through the (esophagus into the stomach ; 
the latter is (juito large, and provided with so- 
called “ pancreatic’’ glands, emptying into the 
anterior end. There are also hepatic follicles 
and cjeca, while the intestine ends in a rectum 
and cloa(‘a, the latter opening at the base of 
the tail. In Notommaia, the digestive canal 
ends in a blind sac, and in such male Rotifers 
as are known, there is no digestive cavity, the fijj. 
canal being represented by a solid thread. ma- 

There are no vascular or respiratory organs, but 
a system of long, convoluted excretory tubes, 
one on each side of the body, whicli, as in the Trematodes 
and C’ostodes, unite in a common, large contractile vesicle 
■vvliich opens into the end of the intetine. These tubes, 
wliicli are in places ciliated, correspond to the segmental or- 
gana of Annelids ; they are open at the end, tlie cavity of 
the tubes thus communicating with the body-cavity. 
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The nervous system is very simple, consisting of a rather 
lai^e ganglion situated behind one wing of the velum, and 
lying just under an eye-spot. A supposed organ of hearing, 
consisting of a sac filled with calcareous matter, is attached 
to the ganglion. 

The sexes are distinct, and the male and female reproduc- 
tive glands o}>en into the cloaca. '^Fhc sexes are, moreover, 
remarka!)ly unlike, the males being much smaller than the 
females, rudimentary, sac-like in form, without any digestive 
SJic, and arc very short-lived. Some Tlotifers produce what 
are called winter as well as mmnicr eggs ; the former being, 
as in some Turbellarian worms and Polyzoa, covered with a 
hard shell b) resist the extremes of the winter temperature. 
The summer eggs develop without heiiig fertilized, while the 
winter eggs are fertilized, those of Laeinularla, however, 
aeeording to Huxley, not ])eing impregiiated. 

l^lio eggs of llrachionus are altaelu'd hy a stalk to the 
hinder ])art of llu* body of the female. I’he following 
nmiarks apj)ly to the mode of dovelo])nu‘nt of the fe- 
male eggs, Avhieh are (juite distinguishahle from the mas- 
culine ones. The eggs undergo total segmentation, and 
the Ollier layer of cells resulting from subdivision forms 
tlie bliustoderm, and when this is devidopinl the forma- 
tion of the organs begins. The first occurrence is an in- 
folding of the blastoderm (ectoderm) forming the ])riniitive 
moutli, Avhich remains ])ermanenlly open, the mouth not 
oi>cning at tlie opposite end as la Sayilta, but the entire de- 
velopment of the germ is much as in the molliisk Cahyptrma^ 
as Salensky often compares the earliest phases of devel- 
opment of ill is Ivotifer Avitli those of that mollusk. Tlie 
‘‘irochal disk/* or velum, arises in certain mollnsks, 
as a swelling on each side of the primitive infolding. 
Tlierc is soon formed at the bottom of the })rimitive in- 
folding a new hole or infolding of the ectoderm, whieli is 
the true mon til and pliarynx, while a swelling just heliind 
the mouth becomes the under lip. The stomach and intes- 
tine arise originally from the endoderm. 

Soon (liter, the two wings of the velum become well 
mai-ked (Fig. 123, and tlieir relation to the head is as 
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constant as in Calyptiwa. The tail (/) lx>comcs conical, 
larger, and the termination of the intestine and anal oix>n- 
ing is formed at the base. 

Tlic internal organs are then elaborated ; first the nervous 
system, consisting of but a single pair of ganglia arising 
from the outer germ-layer (ectoderm). Soon after the sen- 
sitive hairs arise on the wings of the velum. 

Fig. 123 represents the advanced embryo, wnth the body di- 
vidtKl into segments, the pair of ciliated wungs of the velum 
(c), and the long tail {i). At this lime the slu'll begins to 
form, and afterw'ards covers the whole trunk, but not the head. 

The inner organs are developed from the inner germ-layer 
(imdoderm), which divides into three layers, oiu^ forming the 
middle jiart of the intestine, and tlie two otliers the glaiula 
and ovaries. The pharyngeal jaws arise as 
two small projections on the sides of the 
primitive cavity. The male develops in 
the same mode as the female. 

Though tlie (levelo])mciit of the Hot ifers, 
so far as known, is more like that of the 
molliisks than true worms, the llotifers 
may be regarded as a generalized cepliulnla 
form, representing the larval forms of An- 
Jielids and mollusks, W'ith decided allinities, uoaoy Sdy^to hatch'! 
when wx* (consider their chiiinous covering 
or carapace, the fold of the intestine, and the single nervous 
ganglion, t-o the Foli/zoa, and with more remote resemlilances 
to the Brachioj:>ods. They arc on the wliole generalized forms. 
A few' species are parasitic : Albert la living internally, and 
Jhilatro on the surface of the Kais-like worms. AVitli the 
low'cr Rotifers are associated a group of worm-1 ike forms 
represented by CJuetonoiuSy Ichthydiuniy etc., and forming 
tlie group Gastrotricha, They have no mastax, and tVio body 
is only ciliated near the end. Through DinopUiluSy a Tur- 
bellanan worm, they are connected with the flat worms. 
Tlie genus Echinoderes is also i*egarded by Claus as a low 
Rotifer. It seems quite apparent fiom this that the Rotifers 
are a type which lias originated from worms resembling tlie 
generalized Tarbcdhirian form, and which connects the latter 
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with tlio Pohjzoa, BrachiopodSy and possibly the Mollu&cay 
the latter brancli being probably a modified vermian type, 
and with an ancestry not unlike that of tlie Rotifers and 
aberrant, generalized Pohjzoa and Brachiopoda, The classi- 
fication of tlie Rotatoria is in an unsettled state, the group 
probably consisting of three orders, viz. : the true Rotatoria, 
the Echinoderidaf, and Gastrotricha. 


Class III.— ROTATORIA. 

Woi'mswiih usually more or less solid segments, very unequally developed, 
bearing a ciliated velum., the mouth o])ening into a masiax ; sexes separate, 
the males nmch s'maller, more rudimentary than the females. A small 
neivons yn)tglion. Afl circulatory apparatus, but with a voluminoHS excre^ 
lory {water-vascular) organ. 

(Albcrthi, Asplaiu'hna, Hydatiiiu, Rracliionus, Rotifer, and flic 
liiglu'st form, Floscularia.) 

Lalwratory IFcrA;,— The Rotifers can onl)' I)e studied while alive and 
as transparent objects. Little is known about the American species. 


CbAS.s IV . — PoLYZOA {Moss A72imah). 

The Pohjzoa, though not commonly met with in fresh 
water, arc among the commonest objects of the seashore. 
Tliey are minute, almost microscopic creatures, social, grow- 
ing in communities of cells (called poly- 
zoaria or conns), forming patches on sea- 
weeds and stones (Fig. 124, Memhranipora 
solida Pack.). Certain deep-water species 
grow in coral-like forms (Fig. 125, Myrio- 
zoum suhgracile D'Orbigny), while the 
chitinous or horny Polyzoa (Fig. 126, 
Salophila borealis Pack.), are often mis- 
taken for sea-weeds on the one hand, and 
Seitularian Hydroids on the other. From 
their likeness to mosses the name Bryozoa was given to the 
group by Ehrenberg, a year after Thompson (1830) had 
called them Polyzoa, so that the latter name lias priority. 



Jiff. m.-CenaofSeft. 
mat, enlarged. 
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The simpler form of Polyzoon is a worm-like creatum 
enclosed in a minute, deep, horny cell, with the alimentary 
canal bent on itself and terminating in a vent situated near 
the mouth, the latter surrounded, in the fresh-water forms, 



Fig. 125.-- Branching marine Foiyzoon. Corm of Myrioz(mm mbgracile^ 
natural aize. 

with a liorseslioe-sluiped crown, or in the marine species a 
circle of slender ciliated tentacles. Tlie animal when dis- 
turbed witlidraws into its tube or shell, which is often trans- 
])arent, allowing it to be examined 
wlien alive. The celLs are rarely 
single, but a coiinus, polyzoarium or 
polyzoon-stock is formed by the bud- 
ding of numerous cells from the one 
first formed. The single polyzoon is 
called a polypide, and its cell a cystuL 
In Ptdictllina, the simplest polyzoon, 
the polypide has no cystid or cell. 

The ceils are, in the marine forms, 
usually closed, and independent of 
each other. IHie wall forming the m,^Haiophija bm^eaiis, 
cell is called the endoeyat ; it com- 
prises the ectoderm proper, with a portion (parietal layer) of 
the mesoderm forming the soft lining of the cell. 
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The month is situated on a disk {hpJiophorey Fig. 127, 5), 
bearing the tentacles, which are hollow processes of the 
body- walls, communicating with the body-cavity, the blood 
flowing into them, there being aerated, while they are exter- 
nally ciliated. They serve both to catch food and for respir- 
ation as makeshift gills, Hyatt states that the tentacles are 
used not only to catch the prey, but for a multitude of other 
offices. They are each capable of in- 
dependent motion, and may he twisted 
or turned in any direction ; bending 
inwards, they take up and discard 
objectionable matter, or push down 
into the stomach and clear the 
oesophagus of food too small to be 
acted upon by the parietal muscles. 
They are also ern])loyed offensively in 
striking an intrusive neighbor, and 
their tactile power, sensitive to the 
slightest unusual vibration in tlie 
water, warns the polypi de of the ap- 
proach of danger. 

The digestive canal liangs free in 
the body-cavity, only athiclied by the 
mouth and anus to the walls of the 
body. It consists of a pharynx, a 
large stomach, and an intestine wliich 
pliarjnx, since 

ofiop}joph()row*!,«PM<>i)iittgn«s ; Hexiirc, the vent being situated on 

i\ stomach; r, Inimitie ; a, . V, 

anu« ; c ; a-, posterior, a’i, tlic doi'sal ov cui'diac Side, near the 

anterior cord, at the in>»crtlon ,, i i 

oi which into the body the moiitii, Lsually tJie stomacli IS tied 
by a sort of ligament (fnnmdn,) to 
it point on tlie body- walls, near the 
muscle.- The nervous system is rep- 

resented by a double ganglion form- 
ing a single mass situated between the mouth and vent ; it 
is highly contractile and changeable in form. There is no 
heart nor any circulatory apparatus. The sexes are united 
in a single polypido, the glands forming masses growing on 
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the funiculus or in the walls of the body* The body, 
especially the lophophore, is retracted, and pushed out 
by muscles arranged in pairs on either side. As seen in 
IVedericella, a fresh-water form, the alimentary canal 
hangs from the lophophore, occupying the centre of 
the polypide, and floating freely in the rapidly moving 
blood’’ (Hyatt). The yellowish oesophagus, the stomach 
barred with brown, and the brownish intestine are balanced 
upon a fold of the intestine (ilie invaginaicHl fold), which 
is retained in the cell by the retentor muscles, and is sur- 
rounded by a large sphincter muscle. There are two sots 
of large retractor muscles, one on each side of the digestive 
canal, and arising from two common bases ; each large trunk 
subdivides into tlirec brunches, tlio retractor of the stomach, 
of the loidiopliore, and of tlie anus. The crown of tenta- 
cles is swayed by these muscles in cvciy direction, or Avhen 
alarmed the polypide may withdraw by their aid into the 
cell, as the finger of a glove may be inverted within the 
empty palm. This may be done with great rapidity or 
slowly. The j)n)cess has thus been graphically described by 
Hyatt : The j)olypidal luidocyst is lii^st turned inwards, 

folding iij)oii itself, and prolonging the permanently invagi- 
nated fold below. The tentacles, arriving at the edge of 
the ccenojcial orifice, are jiressed into a comiiact bundle by 
the action of their own muscles, and, together with the 
lopliophorc, are dragged into the cell by the continued invag- 
ination of the cndocyst until tJicy are wdiolly enclosed and 
at rest within the sheath formed for them by the inverted 
walls of the tulx?. The sphincter muscle tlien closes the 
cmnmcial orifice above, and the process of invagination is 
completed. 

The polypide in its exserted state is buoyed up and sus- 
tained by the pressure of the fluids within. Consequently, 
wlien invaginated, it displaces an equal bulk of these in the 
clostKi emnmeium, and tlieir reaction, aided by the contrac- 
tion of the muscular endocyst, is sufticient to evaginato the 
whole. 

The evagination begins with the relaxation of the sphinc- 
ter, which permits the ends of the tentacles to protrude. 
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These daintily feel about for the cause of the alarm, and, if 
they fail to detect the proximity of an enemy, the whole 
fascicle is cautiously pushed out, and the sentient threads 
suddenly and confidently unioldcd. 

The poly/.oon reasons from the sense of touch inherent 
in its tentacles, and cannot be induced to expose itself above 
the c(en(eciuni until tlioroughly satisfied by these sensitive 
feelers that no danger is to be apprehended. In fact, these 
j)lant-like creatures, singly mere pouches with a stomach 
hanging in the midst, exhibit greater nervous activity and 
‘animality,’ than we find among the more highly organized 
Aacidia, or shell -covered Brack iopodci,’^ 

The qmtovie is a fold of the lophophore, used to close the 
mouth and thus ])revont the food from escaping from the 
month. It is torigiie-Iike and very pliable. “ The border is 
capable of a tactile motion similar to that of the human 
tongue, and it takes cognizance of what passes into the 
moutli by frequent and repeated jerks toward the aperture’^ 
(ilyatl). It is situated immediately over the ganglionic mass, 
and between the anus and mouth. 

The Pohjzoay as regardid by Hyatt and otliers, are struc- 
turally nearly related to the Bracliiopods, tlie higher forms 
of which, such as Ter ehr at iila and liliynconclla^ have the res- 
piratory tentacles similarly placed around the disk or lopho- 
idiore, which is perforated at the centre by the mouth, and 
from which the alimentary canal hangs, with a dorsal flexure 
and anus near the mouth. The extension of the lo})hophore 
into two or three spiriform arms, the complex structure of 
the tentacles and of the muscular and nervous systems, are 
all more or less foreshadowed by the condition of these sys- 
tems among tlio higher Polyzoa,'*^ On the other hand, the 
Folyzoa are closely related to the worms, the Gepliyrean 
worm, PhoroniSy being the connecting link. The mode of 
development of the Polyzoa and Brachiopoda arc quite simi- 
lar, as will be seen farther on, and owing to these decided sim- 
larities in development and anatomy, the Polyzoa and Brachi- 
opods form a natural group or series, distinct on the one 
hand from the Itotatoria, and on the other from the mollusks 
and worms. 
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Certain branching marine forms arc provided with organs 
like birds’heads, situated on a stalk and called avicularia, with 
a movable jaw-like appendage, which keeps up an incessant 
snapping. Beside the avienlaria, there are, as in Scrupo- 
ccUaria^ long bristle-liko appendages to tlio cells, called 
vibracitbu 

There are no organs of special sense in the I^olyxoay unless 
the epistomc may he legarded as an organ of senscu and the 
nervous system consists of a single rouiuied ganglion (Frede- 
ricvlhf), or, as in PhimateUa, a double ganglion, situated btv 
twe(‘n the moutli and vent, from wdiich one set of nerves are 
distributed to the ej^isloine, lopbopliore, tenta(;les, and evagi- 
nable eudoeysi, and another set to tlio various parts of tiie ali- 
inontary canal. A so-called colonial nervous system is su]>- 
posed to exist in the Polyzoa, asAvhen the ctena*eiuni in some 
forms is touched all the })olypi(l(‘s lH*eonu‘ alaniu'd, w))ieh 
indicates that asi'tof mu'ves connect the ditrerent p(dyj»ides, 
though no such nerves have yet been disco vensl. The 
fresh-water Fohfzofi are not sensitive to light, nor to noises, 
only to agitation of tlie water in whicdi tliey dwell. 

All the Folyzoa are hermaj)lirodjte, the ovary and male 
glands residing in tlie same eysiid, the t(?stis being situated 
n:ar the l)ottorn and attached to tljc funiculus, wliile the 
ovary is attached to the avails of tiie u))Jkm’ part of the cell. 

Allman regards the ])olypidc and eystid as separate indi- 
viduals. Tiie singular genus Loxmoma is like tlie jiolypide 
of tin ordinary Polyzoan, but docs not live iu a cell (eystid). 
On the other hand, w'e know of no cystids which are with- 
out a polypidc. Iierncrnhcring that tlm cystids stand in the 
same relation to tlie polypides as the hydroidstotljeme<lusa% 
as Nitsehe insists, we may regard the polypides us secondary 
individuals, produced by budding from the cystids. *TIic 
large masses of colls forming the moss-animal, which is thus 
a compound animal, like a coral stock, arises by budding out 
from a primary cell. The budding process begins iu the 
endocyst, or inner of the double walls of the body of the 
eystid, according to Nitsche, but according to an earlier 
Swedish observer, F. A. Smitt, from certain fat bodies float- 
ing in the eystid. 
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The Polyzoa are divided primarily into the Entoprocta, 
repi'esented by Loxosoma alone, in which the vent is situated 
within the circle of tentacles, and the Ectoproctay in which 
the vent lies outside of the lophophore — a group comprising 
all the higher Polyzoa {Gymnolceniata and PhylactoloBMata). 

The development of the Polyzoa is not very complicated. 
In the marine forms, as studied by Barrois, the germ passes 
through a morula stage ; after which the cells are arranged 
into two halves, separated by a crown of cilia ; at this stage 
it is called a hlastula. At the time of birth the ciliated germ 
is a disk-shaped gastrula, with two opposite faces or ends, 
separated by the crown, one (aboral) bearing in its centre 
tlie mouth-opening. This ciliated free-swimming top-like 
gastrula stage is called a irocliospliere. 

After swimming about as ciliated larvae (trochospheres), 
the shell or cctocyst develops, and the larva becoming station- 
ary, the cystid forms, its calcareous shell develops, and finally 
the polypide is indicated, and the primitive cell is gradually 
formed. 

As seen u\ PlialanyelJa Jlahellamy the larva, after becoming 
fixed to some object, consists of a white pyriform mass, 
closcdy enveloped by an cctocyst, with numerous fat globules 
between the latter and the white mass. The cctocyst swells 
into a discoidal sac, with endocyst, cctocyst, and an external 
;5one, while the internal whitish mass transforms into tho 
polypide. Tho discoidal sac formed by the endocyst consti- 
tutes sinijdy the basal disk of tlie primitive cell. The future 
ojiening of tlie cell ajipears on the up})er surface of the cell. 
The budding out of the secondary colls of the polyzoarium 
or eorm then takes place. It begins by the appearance of a 
cell ])laced in front and below the primitive cell, and wliich 
boitlers it on each side ; its secondary coll then divides into 
two, each of whicli successively gives origin to three cells, 
and we thus arrive at an Idmonea stage ; and finally the 
Phalangella stage is reached, the process being a dichoto- 
mous mode of budding quite analogous to that which pro- 
duces the broad, flattened corm of Eschar ina. 

The development of Menibranipora pilosa, which is very 
abundant on our shores, growing on sea-weeds, is of singu- 
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lar intemt The free-swimmieg ciliated larva is provided 
with a bivalve shell, and was originally described as a La* 
mellibranch larva under the name of Cyphomutes. 
Schneider discovered that it was a young Membmnipora. 
Barrels, who has traced its complete history, states that its 
metamorphosis is fundamentally like that of the other ma- 
rine Pohjzoa. Flmirella Impida passes through a similar 
Cyphonuutes stage. 

In Loxosoma young resembling the adult bud out like 
polyps. Nitsche does not regard this budding process as an 
alternation of generations, hut states that in Polyzoa of the 
family of VeHirulariidw, this may occur, as in the latter 
some eystids form the stem, and otliers (the z(KVcia) produce 
the eggs. Most fresh- water PohfZ(ni reproduce l)y the devel- 
o]mieiit of winter buds or eggs suiTouuded by a horny case, 
and dcvelo])iug from the funiculus. 

To re{;aj)itulate : tlic Polyzoa increase {a) by buddiiig; (<?>) 
by normal (summer) eggs, and by ])rodueing s/afjddasls, or 
winter eggs. In reproducing from summer eggs, tlie young 
})ass successively tlirough a otomlff, hlashthi, [/(Ls/rulu aud 
iro('hosph(’rc stage before attaining maturity. 

'Phe most aberrant Polyzoan is Phalahydaura Sars, 

vhlch o(H'urs in from 100 to 300 fatlmms on tlie coast of 
Morway. It di tiers from other forms by the want of an en- 
doeyst or mantle, whence it moves uj> and down in its cell, 
witlmut l)(*ing atiaclied to the (»]>enjng. tiic mnscles usually 
})resont being wanting, the cord by which it is attaclual to 
the bottom of its long, slender tubular cell ])eing contractile. 
The lophophore is mucli like that of the fr(‘sli-water lN)ly- 
zoans, consisting of two long arms, Ixairing two rows of 
slender tentacles. The ci)istome is re})rescnted by a largo 
round disk. 

The marine Polyzoa occur at great depths, and a few species 
are cosmopolitan ; the t 3 ’po is very persistent, and occurs 
in the oldest Silurian strata, the earliest forms being very 
Bimilai* to their living descendants. 
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Class IV.— POLYZOA. 

Animals muall>y forming mosslike or corallike calcareous or chitinous 
masses adled c^mns, each cell containing a wor/nlilce animal, with the di- 
gestive tract flexed, the anus situated near (fie mouth. The body usually 
drawn in and out oftlui cell by the action of retractor and adductor muscles. 
The mouth surrounded by a crown of long tentacles. No heart or vascular 
sysUm. Nermus system consisting of a dngle or df)uble ganglion situated 
between the mouth and vent, with nci'ves jworeediiig from it. Hermaphro- 
ditic ; multiplying by budding or eggs. The embryo passing through a 
morula, gastrula and trochosphere stage, the conn being formed by the 
budding of numerous exits from a primitice one. 

Order!. Enioprocta . — Vent within the loiHiophorc. (Loxosoma.) 

Order 2. EHoproria . — Vent without the lophophorc. (Lepmlia, Es- 
ehara, Idnionea, Myriozouiu.) 

Lalwratory Work . — The Polyzoa are too sinjill to diss('ct, and 
must be studied wldle alive as transparent objects, and inaj" la; k(^pt 
in }i((UHria. The eorms in part or whole can be mounted lor the mi- 
croscope us opa(j[ue objects. 


Class V. — Biiaciiiopoda {Ldwji Shells ), 

General Characters of Brachiopods.— This group is named 
Briirhiopoiln from the feet-like arms, fringed witli tentaeles, 
coiled nj) within the shell, and which correspond to the 
lo})hophore of the HahjrMa and the crown of tentacles of the 
»Sabollii-like worms. From the fact that the animal secretes 
a true, bivalved, solid shell, though it is usually irie([ui valve, 
the valves of ditfereut sizes, tho JJravltiopoda were gener- 
ally, and still are by some authors, considered to he mol- 
lusks, though aberrant in tvpe. They nuiy be regarded as a 
synthetic type of worms, with some superficial molluscan 
features. The shell of our common northern species, Terc- 
hratulina sepfentrionalis, which lives attached to rocks in 
from ten to fifty or more fathoms north of Cape Cod, is in 
shape somewhat like an ancient Roman lamp, the upper and 
larger valve being perforated at the base for the passage 
through it of a j^edunde by whidi the animal is attached 
to rocks. The shell is secreted by the skin (ectoderm), and is 
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comi>osed of carbonate {Tere^ratuUna) or largely {Linffula, 
Fig. 133) of phosphate of lime. It is leally the thickened 
intogumei\t of the animal, the so-callcd mantle being the 
inner portion of the skin, containing minute tubular canals 
wliich do not ojkmi externally. 

Tlio body of Brachiopods is divided into two parts, the 
anterior or thoracic, comprising the main body-cavity in 
which the arms and viscera are contained, and the caudal 
jK)rtion, i.e, tlic peduncle. Tlic part of the body in wliich 
the viscera lodge is rather small in jn-oportion to the entire 
animal, the interior of the shell being lined with two broad 
lobes, the free edges of which are thickened ami bear setse, 
as seen distinctly in Lingida, The body-cavity is closed 
anteriorly by a membrane wliicli separates it from the space 
in which the arms are coiled up. Tho ^^pallial ehani- 
b(U’'’ is situated between the two lobes of tlio mantle {pal- 
lium) and in front of the membrane forming tlie anterior 
wall of llie body-cavity. In the middle of this ])al]ial 
chamber the moutli o})ens, hounded on each side by tbo 
base of tlie urm.^. Tlio lattxjr arise from a cartilaginous 
base, and bear ciliated tentacles, much as in tho worm Sa- 
ht'Ila. hi Jjingula^ Disrina^ and lihynrancUay they are do- 
velojied, as stated liy M(n*se, in a closely-wound spiral, as in 
tlie genuine worms {Ampliitrito), In Ijinyala the arms can 
be partially unwound, whilo in Jihynanidla they can not 
only bo unwound but protruded from tho pallial chamber. 
In many recent and fossil forms the arms arc supported by 
loop-Iiko solid processes of the dor.«al valve of tho sliell, but 
when these processes arc present the arms cannot be pro- 
truded beyond tho sliell. Tho tentacles or cirri on the arms 
arc used to convey to the mouth particles of food, and they 
also are rcspiratoiy in function, there being a rapid circula- 
tion of blood in each tentacle, which is hollow, communi- 
cating with tho blood-siniis or liollow in each arm, the sinus 
ending in a sac on each side of tiie month. 

The digestive system consists of a mouth, -eesophagus, 
stomach, widi a liver-mass on each side, and an intestine. 
Fig. 128 shows tlie redation of the month and digestive canal 
to the head and arms, as seen in a longitudinal section of 
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the anterior part of the body of Lingula. The mouth is 
bordered by two membranous, highly sensitive and movable 
lips. The stomach is a simple dilatation of the alimentary 
canal, into which empty the short ducts of the liver, which 

is composed of 
masses of cooca. 
The liver origi- 
nally arises as 
two diverticula 
or offshoots of 
the stomach. 
The short in- 
testine ends m 
a blind sac or 
in a vent, and 



gt a ch m c hf 

Fig. 1S8. — Lon)q:itri(]fnnl section of the anterior portion of 
/Anquht. m, mouth ; (Pnophui'ii'* : gf, htownch ; a, arm ; d, 
cirrj ; brachial fold ; cf), rartihiL'Inous bawe of arm ; g, 
filiKis Icudlri;^ to the arm ; cc, cci)hulic collar or pallinl mem- 
brane. --After Moree. 


is, with the 
stomach,frec]y 
suspended i n 
the])eri visceral 


cavity by delicate nicnibranes springing from the walls of the 
body. (Fig. In those llrachiopods allied to Terehra- 

tnlay Terrhrafvlina^ Thecidimn^ Waldheim la lihyncmieUa^ 
clc., the stoinaeli ends in a blind sac, and there is no vent. 


the rejectamenta escaping from the mouth. In Lingula and 
Discina tlioro is a vent which terminates anteriorly on the 


right side. In Lingula 
the intestine makes a 
few turns, while in I)is- 
cina it makes a single 
tarn to the riglit. 

The nervous system 
consists of two small 
ganglia above, and an 
infracesophageal pair of 
larger ganglia, and there 


b i 
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Fig. 12i).~Tran8ver9e Pt'ofion of Lirtgrda. b, 
bands sn?pendin" the intextlne in the perivipce- 
ral cavity : i, infeHtmo ; gc^niental <irgan ; o, 
ovarlosj ; /, liver; ff, ; ac, getie. —After 
Morse. 


are two elongated ganglia behind the arms, from which nerves 


are given off to the dorsal or anterior lobe of the mantle. 
From the infracesophageal ganglia two lateral ventral cords 
pass backwards, in their tract sending off delicate threads, 
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but with 110 ganglionic enlargements, except in Discim, 
where they terminate each by a ganglion in the last two 
posterior muscles, Morse has discovered the presence of 
auditory capsules in Lingula, 

Respiration is mainly carried on in the mantle (pallial 
membrane). In Lingula the pallial inonibrano is divided 
into oblique transverse sinuses, which 



I'ip:. rK) — ATupiiru^ of blood 
linn 08, 8lio\vin)): court-e tnUfu 
by the blood. --After Morne. 


run parallel to each other. From 
these arise, says Morse, numerous 
flattened anipulhe, which are highly 
contractile. The blood courses in 
regular order nj) and down these 
sinuses, entering each of the ainpulhn 


ill turn. Fig. 130 represents a row of flve ampull.T with in- 


dications of tiie course taken by tin* blood-disks, fl'beso 


ampullie liavc not been found in though the jialiial 

sinuses are very prominent. The breathing process is also 


carried on in the tentacles or cirri. 


Intimately connected with the vascular system is a gland- 
ular portion of the tubular ])art of the segmental organs of 
the Brarhiopodaj wliich is 


supposed to represent simi- 
lar parts in worms as w(dl 
as the glandular, excretory 
portion of the organ of 
Bojanus in mollusks, and is 
supposed to be depuratory 
or renal in function. 

The reproductive system 
of Brachiojunla consists of 
ovaries, oviducts or seg- 
mental organs, Fig. 131, 
and sperm aries. The sexes 



are probably separate in all Brachiopoda (Morse). 

The ovaries are attached in Discina and Lingula to the 
delicate vascular membranes of the large sinuses in the pal- 
iial membranes, the vascular membranes being thrown into 
conspicuous ruffs when the eggs arc ripe. In Tcrebratulina 
and Rynchonella they are not only similarly situated, but 
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hang in clusters from the genital bands in the perivisceral 
cavity. The mature eggs detach themselves from the ovary 
to float freely in the perivisceral cavity, whence they pass into 
the flaring, ciliated mouths of the segmental organs, and are 
discharged by them into the water. These segmental organs 
or oviducts are tubular, trumpet-shaped, as in the true 
worms (Fig. 131). In Lingula, Discina, and Terebratulina, 
there is but a single pair, in Ehynconella two pairs. The 
external orifices of the oviducts form simple slits, while in 
Terebratulina they project from the anterior walls like 
tubercles, as in the true worms (Morse). The spermaries 
occur in the same situation in the perivisceral cavity as the 
ovaries. As observed in Terebratulina, by Morse, in a few 
liours after the eggs are discharged the embryos hatch and 
become clothed Avitli cilia. Kowalevsky obsen^ed in the egg 
of Thccidium tlie total segmentation of the yolk (also ob- 
served in Terebratulina by Morse), until a blastoderm is 
formed around tlie central segmentation cavity, which con- 
tains a few cells. The similar formation of the blastoderm 
was seen in Anjiopc, but not the morula stage. After this 
the ectoderm iiivagiiiates and a cavity is formed, opening 
externally by a primitive mouth. Tlie walls of this cavity 
now consist of an inner and outer layer (the endoderm and 
ectoderm). This cavity eventually becomes the digestive 
cavity of the mature animal. 

Ill Terebratulina ]\L.rso observed that the oval ciliated 
germ became segmented, dividing into two and then three 




rings, with a tuft of 
long cilia on the an- 
terior end (Fig. 132, 
A). In this stage the 
larva is quite active, 
swimming rapidly 
about in every direc- 


Fig. 132.— Larvnl stages of Terebratulina. — tion. 

After Morac. o 

boon after, the germ 

looses its cilia and becomes attached at one end as in Fig. 
132, B (f‘, cephalic segment ; thoracic segment ; j?, pe- 
duncular or caudal segment). The thoracic ring now in- 
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02*00508 much iu size so as to partially eaclose the cephalic 
segment, as at C. The form of the Brachiopod is then soon 
attained, as seen iu D, iu which the head (c) is seen project- 
ing from the two valves of the shell (/Zt), the larger being 
the ventral plate. 

The bingo margin is broad and slightly rounded when 
looked at from above ; a side view, however, presents a wide 
and flattened area, as is shown in some sin^cies of Spirifm\ 
and the embryo for a long time hikes the position that the 
Spirifer must havo assumed (Morse). Before tlie folds have 
closed over the head, four bundles of bristles ap[)car ; these 
bristles are delicately barbed like those of larval worms. 
Tho arms, or cirri, now bud out as two prominenees, one on 
each side of the mouth. Then ns the (unbryo advances in 
growtli tlie outlines remind ono of n Lppfwnu^ an ancient 
genus of Bracliiopods, and in a later stage the form becomes 
(juite iinliko any adult Brachiopod known. 

The deciduous bristles arc then discarded, and the jx'rnia- 
nent ones make their appearance, two pairs of jirms arise, 
and now the shell in its general contour recalls iSVjiV/ene- 
t relay placed in the family DhvUndm hy Davidson, a germs 
not occurring above the .Silurian.’^ No eye-spots could bo 
seen iu 'I'erebratulina, though in tlie young Tliecidium they 
were ohs(n*ved by Lacaze-1 luthiers. The young Terebratu* 
linaditfers from Discinaof tho same ago in l)eing sedentary, 
wliilc, as obsened by Fritz Mtiller, tlie latter ‘‘swims freely 
in the water some time after the donsal and ventral jilates, 
cirri, mouth, oesophagus and stomach have made their up- 
j>earance.” Diseina also differs from Terebratulina in hav- 
ing a long and exUnisiblo cesophagus and head bearing a 
crown of eight cirri or tentacles. Kegarding the relations 
of the Bracliiopods with the Polyzoa, Morse suggests that 
there is some likeness between the young Brricbiopod and 
the free larva of Pedicellina. Fig. 133, B, represents the 
Terebratulina wlien in its form it i*ecalls Megerlia or Argi- 
ope. C ix*presents a later Lingula-like stage. also 

suggests/^ says Morse, “in its movements, the nervously 
acting Pedicellina. In this and the several succeeding 
stages, the mouth jxiints directly backward (forward of 
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authors), or away from the perpendicular end (D), and is 
surrounded by a few ciliated cirri, which forcibly recall cer- 
tain Polyzoa, The stomach and intestine form a simple 
chamber, alternating in their contmctions and forcing the 
particles of food from one portion to the other.” Figure 
133, E, shows a more advanced stage, in which a fold is 
seen on each side of the stomach ; from the fold is developed 
the complicated liver of the adult, as seen in E, which 
represents the animal about an eighth of an incli long. The 
arms (lophophore) begin to assume the horseshoe-shaped 
form of redinatella and other fresh-water Polyzoa. At this 
stage the mouth begins to turn towards tlic dorsal valve, and 
as the central lobes of the loj>hophore begin to develop, the 
lateral arms arc deflected as in F. In the stage (i an epis- 
toine is marked, and Morse noticed that tlie end of the 
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Fig. 133.— Later larval Btagea of Terebratulina.— After Mor»c. 


intestine ^vas held to the mantle by an attaclimcnt, as in the 
adult, reminding one of tlie fimicalus in tlie fresh-water 
Polyzoa, In tracing the development of Argioj>e, Kowal- 
evsky has shown tliat the larva is strikingly like those of the 
Annelids, as well as the Tornaria stage of Balanoglossiis. 

While in their development the Bravhiopoda recall the 
larvae of the tnie worms, they resemble the adult worms in 
the general arrangement of the arms and viscera, though 
they lack the highly developed nervous system of the Anne- 
lids, as well as a vascular system, while the body is not 
jointed. On the other hand they are closely related to the 
Polyzotty and it seems probable that the Brachiopods and 
Polyzoa were derived from common low vermian ancestors, 
while the true Annelids probably sprang inde|3endently 
fitim a higher ancestry. They ai'e also a generalized type. 
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having some molluscan features, such as a solid shell, though 
having nothing homologous with the foot, the shell-gland 
or odoiitophore of mollusks. 

In accordance with the fact that the Braohiopods arc a 
generalized type of worms, the species have a liigh antiquity, 
and the type is remarkably persistent. 'J'he Lingula of our 
shores (//. pyi'amldnta Stimpson, Fig. 134) lives l)iined in 
the sand, where it forms tubes of sand around the })ed uncle, 
just below low- 
water mark from 
Chesa|)eake Bay, 
to Florida. It has 
remarkable vital- 
ity, not only with- 
standing t li e 
changes of tem- 
perature and ex- 
posure to death 
from various oth- pyramidata making sand-tiibpa ; 

natural hiise.— After Morno. 

er causes, but will 

bear transportation to other countries in sea-waler that lias 
been unchanged. Living Linguhe have been carried by Prof. 
Morse from Japan to Boston, Mass., the water in the small 
glass jar containing the specimens having l>een changed but 
twice in four months. The living species of this cosnu)pol- 
itan genus differ but slightly from those occurring in the 
lowest fossiliferous strata. Between eighty and nimdy liv- 
ing species are known, most of them living, except Lingula, 
which is tropical, in the temperate or arct ic seas, while nearly 
2000 fossil species arc known. The typo attained its maxi- 
mum in the Silurian age, and in palaeozoic times a few s])e- 
cies, as Atrypa reticularis^ extended through an entire system 
of rocks and inhabited the seas of both hemispheres. 


Class V.-^BRACIIIOPODA. 

SheUad worim, with a limestone or partly rhiUmtts, inerpiimtlre, hing('4 
or unfUngedaheU, enclosing the worm Uke animal ; with two spirally roikd 
arms irrotided with dense ciliated cirrtor teniacles, and capMXble of reaching 
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to or beyond the edge of the gaging sheUs ; alimetUary mnal with the mouth 
opening between the arms^ an OisophuguSf stomach with a Umr-mms on 
each side, and a short intestine ending in a blind sac, and with the sUrmach 
freely suspended in the jwnmsceral space. JSerwus system consisting of a 
ganglion above and beneath the eempluigus, and two lateral ventraZ widely- 
separated threads. No eyes in the adult, bid present in the larm of 
Argiope and Theeidium ; auditory sacs present in Lingula. No circulatoiy 
system, the blood impelled through the 'visceral interspaces and tentacular 
sinuses by ciliary action alone. Respiration carried on mainly in the 
mantle and also in the arms. The sexes distinct. One or two pairs of scg 
menlul organs. The germ passes through a morula aivl gastrula stage, 
hecominy a segmented ciliated larm like that of the true worms, which be- 
comes sessile, the shell dexebgnng from the thoracic segment of the larva and 
gradually enclosing the aninml. 

Order 1. Testicar dines. — Shell oalcareous, of prismatic stnictiire, 'with 
liinge and tt'ctli. Intestine einling in a hlirul sac. Mantle 
lobes united behind. (Families Terebratulidie, Spiriferidie, 
lihynchonellkla), Strophomenidai, and Prochietida\ ) 

Order 2. Kcardines . — Shell witlu)ut a hinge ; anus Avithout a calcare- 
ous loot) and with no median lobe. Intestine eitlier (?u(l- 
ing in a blind sac or with a vent openirig anteriorly on the 
right side. (Faniilies Craniidm, Discinida?, and Lingulidae.) 

Laboratory Work . — Specimens of Tcrebratulina can be dredged in 
from ten to fifty fathoms on a rocky bottom north of C’apeCod, and the 
anatomy and development of tlie young be studied in living examples. 
Linguhe can be obtained at Beaufort, N, C., and in the sandy shores 
southward. While th<^ gcaicral structure can be studied from alcoholic 
specimens, the n*eent iliscoveries which have advanced our knowledge 
of the Brachiopods have been made on living, active individuals. Tlio 
eggs are minute and have to be studied with high powers of the micro- 
scope. 


Class VT. — Ttnicata {Ascidians^ Sea-squirts). 

General Characters of Tunicates. — While the Tiinicates 
are an aberrant type of worms, with affinities on the one 
hand to the Jarvie of tlic lower worms, /.c., the Cercaria 
form of tlie Trematodes, on the other hand they have a 
startling resemblance in tlie tadpole-liko young of many 
geneni to the vertebrate Amphioxtis. The position given to 
them between the Brachiopods and true worms not far from 
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Balanoglossus, is a provisional one. In a diagram chowing 
the classification, i,€,, the affinities of the different classes of 
animals, the Tuiiicates may be represented as an independent 
branch sent off possibly from the Trematode stem, running 
parallel to the worms, near Balanoghsms^ and ending a little 
below the level of Amphioxus, They have certainly few 
molluscan features, what do exist being superficial, and 
nothing to remind us closely of the Polyzoa or Brachiopods, 
and the class is here treated of because, in a serial arrange- 
ment of the classes of animals, tlie Tunieates can best be 
described at this jilace, rather than after the true worms, or 
immediately before the vertebrates. 

The Aseidians arc common just below low-watcu* mark, 
eitlier hidden in inas.s('s of mussels, attached to the rocks 
under sea*weeds, or the compound species 
may be found forming bright-colored masses 
on the piles of wharves and bridges, wliilo 
the Botryllua grows on the leaves of et‘l- 
grass. For jiurposes of study the larger 
forms, such as Asciduij Cynthia, and JtoU 
ienia, may be dredged. On placing a good- 
sized Ascidian in a vessel of fresh sea- water, 
it will be found to consist of a semi-trans- 
parent or (piitc opaque test with two open- yijr. v&. Mr^rpiia 
ings, one lower than the other, as seen in 
Molgula, which looks, when the two orifices 
are protruded, like a double-necked bottle. The anterior or 
higher orifice or mouth is for the piissage of currents of water 
into the respirator}^ sac, and the posterior, usually lower, 
cxcurrent orifice for the passage outwards of faecal matter. 
The test is either delicate and semi-transparent, allowing tl»c 
intestine and ovaries and liver to bo detected, or it may be 
quite tough and opaque. It is rendered tough and hard by 
the presence of cellulose, a substance usually occurring in 
the walls of vegetable cells, but very rarely in animal tis- 
sues. 

Order 1. Ascidiacea. — As anexampde of the ordinary Tuul 
€aie», we will now study the internal anatomy of Jiolletiia 
reni/ormis (Fig. 1^6), which lives in from five to twenty-five 
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fathoms off the coast of Northern New England, hut which 
is sometimes thrown ashore on beaches. 

On examining the test of this Ascidian, which is mounted 
on a long stalk, the oral or incurrent orifice is seen at the 
insertion of the stalk, and the atrial or excurrent orifice on 
the same side near tlic opposite end. On cutting open the 
thick test and throwing the flap over to the left, the deli- 
cate mantle or tunic is disclosed ; it extends a short distance 
into the stalk or peduncle. This thin hyaline mantle is 
crossed by two sets of narrow raised muscular bands ; the 
transverse fibres are arranged concentrically to the two ori- 
fices, so as to close or open them, the longitudinal ones curv- 
ing outward from the left side. 

Currents of sea- water laden with organic food pass into 
the oral orifice, wliich is surrounded by a circle of tentacles 
pointing inward, and thence into a capacious saccular bran- 
chial chamber within the mantle, which contracts at the 
bottom, where tljo oesophageal opening is situated. The 
walls of this chamber, whicli is overall inch long in a good- 
sized specimen, and gathered into fringed folds, is sieve-liko 
with ciliated perforations ((iompare Fig. 137 e), making tlie 
walls like a lattice-Avork, the blood coursing through the ves- 
sels passing between the meshes of the sieve-like walls. 

The (esophagus, which lies at the bottom of this branchial 
chamber, is also situated near the intestine passing over 
the anal end into the short stomach. The intestine is long, 
passing up to the insertion of the stalk, where it is held 
in place by muscular threads extending into the stalk and 
attached to the mantle ; it then suddenly bends back and 
passes straight down to the I'ciit, which opens opposite to 
the atrial orifice ; the end of the intestine is in part revolute 
and provided with a fringe of about twenty filaments. The 
liver forms a broad and flat mass of a bright livid green, and 
consists of three flat lobes each composed of eight or nine 
lobules, with very short ducts enveloping the inner aspect of 
the intestine. The ovaries are two yellowish, large and long 
lobulated masses extending nearly the whole length of the 
body, while the right one is a little smaller, and situated in 
the fold of the intestine. The atrium is that region of the 
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body-cavity which lies between the end of the intestine and 
the atrial or excurrent orifice ; into this atrial region the 
fseces, eggs, etc., pass on their way to and out of the atrial 
orifice. 

The simplest form of Tunicate is Appendicularia, which 
is tadpole-shaped, bearing a general resemblance to the larva 
of an ordinary Ascidian, so that it may bo properly called a 
larval form. The Appendicularia is a pelagic animal, usually 
about a quarter of an inch in length, found floating at or 
near the surface when the ocean is calm, and occurring in 
all seas a few miles from land or in mid-ocean. It swims 
by means of its large, long, broad, Hat tail, the body being 



oval dr flask-shaped. In Appendicularia Jlahellum, as de- 
scribed by Huxley, the caudal appendage is three or four 
times as long as the body. The mouth leads into a large 
pharyngeal or branchial sac ; a narrow oesophagus at tlio 
bottom of this sac leads to a spacious stomach, with two 
lobes, from the left one of which the intestine arises, curves 
and ends midway between the mouth and insertion of the 
tail. In the middle of the haemal side (that side in which 
the heart is situated and bearing the atrial opening) is a 
fold of the wall of the pharyngeal cavity called the endodyU. 
On each side of this endostyle are two oval ciliated apertures, 
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corresponding to the numerous branchial slits in the other 
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Ascidians, but in Append! cularia each oral 
aperture leads into a funnel-shaped atrial 
canal, the open end of which terminates 
beside the rectum. 

Tiie heart is a large pulsatile sac situated 
between the two lobes of the stomach. TJic 
nervous system is much more fully developed 
than in other Tuiiicates, and is constructed 
on tlie true Vermian type, consisting first of 
a ganglion situated below the mouth on the 
side oi)posite the atrial opening and opposite 
the anterior end of the endostyle. This 
nciTc-ccntre throws olf nerves to the sides of 
the mouth, and from it posteriorly extends a 
long cord past tlie fusopliagus to the base of 
the tail, thence it extends along one side of 
the axis of the tail (urochord), swelling at 
regular intervals into small ganglia, from 
whicli from two to five small nerves radiate. 
Oil the cephalic, ganglion a round ear- vesicle 
is attaelied. Behind tlic posterior turn of 
tlic digestive canal is the testis and ovary, 
the Apj)endienlaria being hermaphrodite, as 
Fol claims, though the ovary is developed 
lattu* tlian the testis. The Appendicularia 
has no test, but secretes a fdirons envelo^x', 
wliich is at first gelatinous, loosely surround- 
ing the whole body, and allowing the creature 
the freest motion witliin its cavity. 

The general structure of an Ascidian may 
perhaps bo more readily comprehended by a 
stu y of a compound Ascidian (A marmcin m), 
wli . grows in white or flesh-colored masses 
on sea- weeds, etc. On removing an Aina- 
ropcinm from the mass and placing it under 
the microscope, its structure can be per- 
ceived. The body is long and slender, as 


seen in Fig, 137. The mouth leads by the capacious bran- 
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cbial sac (A) to the stomach, while the intestine (B) is flexed, 
directed upwards, ending at the bottom of the atrium not 
far from the atrial opening. The reproductive glands are 
situated behind or below the bend of the intestine, tlie eggs 
being fertilized as they pass into the atrium, and the heart 
lies in the bottom of the body-cavitj, being directly opposed 
to the nerve-ganglion (not represented in the figure), which 
lies between the two oj)enings. 

In the perfectly transparent Peropltora, which grows on 
tlie piles of wharves on the coast of Southern New England, 
one individual after another buds out (as also in ClavelUna) 
from a common creeping stalk like a stolon. In this form 
the circulation of the blood-disks in the branchial vessels and 
the action of the heart can be studied by ]>lacing living ani- 
mals in glasses under the microscope. The heart is a straiglit 
tube, open at each end, and situated close to Ujc liinder end 
of the hianehial sac. After beating for a number of times, 
throwing the blood with its corpuselcs in one dirciclion, tlio 
beatings or contractions arc n^gularly reversed and tlie blood 
forced in an ojiposito direction. 

K(3nal organs are a])parcntly rcjU’csented in Phallusid by 
a jxiculiar tissue, consisting of innuinerablo 8i)lierical sacs 
containing a yellow concretionary matter. In Mohjula and 
Asrulia ritrea \'an Benedon, an oval sac containing concre- 
tions of uric acid lies close to the ovary. 

In the forms already considered the plan of structure is 
complicated, owing to the didiculty of distinguishing an 
anterior or posterior, a dorsal or ventral aspect of the 
animal. In Sedpa and Doliolum, however, the body is more 
or less barrel-shaped, the hooj>3 of the barrel represented by 
the muscular bands which, at regular intervals, surround the 
body. The mouth is near tlie centre of the front end, tlie 
pharyngeal sac is very large, and tho digestive tract makes 
less of a turn than in the ordinary Ascidians, while tlie 
atrial opening lies directly at the posterior ojicning. The 
heart is truly a dorsal vessel, and the nervous ganglion is 
situated on the opposite side of the body. This relation of 
the anatomical systems is most clearly shown in the genus 
Doliolum, and we have here a slight approach to tho sym- 
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metrical relation of parts seen in the true worms, and wliich. 
strongly suggest the conclusion that the Tunicatcs are mod- 
ified worms. This conclusion is strengtlicned by the fact 
that in Appendicular ia the ventral nervous cord is gangli- 
onatcd at intervals, as in the Annelids, while the twisted 
digestive tract is much as seen in Polyziui and Brachiopods. 
Furthermore, the branchial sac is strongly analogous to the 
pharyngeal or gill-sao of Balanoylossus, and tliis structure in 
the Ascidian and whal(‘/s-tongue worm anticijiates the pha- 
ryngeal or gill-sac of jimpkinxuH and vertebrate embryos. 

The simple Ascidians attain to a largo size, Ascidia callom 
being about ten centimetres in diameter, ({uite round, and in 
form and color bears a strong resemblance to a potato. 
Ascidia yif/ufij dredged by the Challenger Expedition, is from 
thirty to forty centimetres in diameter, and lias a ganglion 
nearly as largo as a pea. A iloating colony of Pyro.som,:i 
(/iyas is sometimes five feet long. Cynfhia jn/riforniis Rathko 
may bo called the sea-peach, from its size, form, and the rich 
bloom and reddish tints of its test. It is common in deep 
water from Cape Cod to Greenland and Scandinavia. 

AVdiilo the Ascidians as a rule do not live below a depth of 
150 fatlioms, the stalked Jljfpobj/lhlns cahjeodef^ Moseley was 
dredged by the Challenger Exiicdition in 2000 fathoms in 
tho North Pacific Ocean ; it is stalked, and about twenty 
inches high. The aberrant Octaemmus hyikius Moseley was 
also dredged in 1070 fathoms near the Sehouten Islands, 
Tasmania. 

Panceri lias described the luminous organs of Pyroscmia, 
which is liighly pliospliorescent ; tlie substance from which 
the light is emitted is probably a fatty matter. 

Ascidians multiply by budding and by eggs. Examples of 
budding or germination are seen in the compound or social 
Ascidians, such AmarwciiuUy etc., where tlie individuals of 
tho colony bud out from tho primitive oue just as it has left 
the larval condition and has become fixed. In Didemnium 
buds arise from masses of cells floating free within the test. 
They multiply by division as soon as the digestive and ixipro- 
ductive organs are indicated. In Botryllus the zooid which 
results from tho tadpole -like larva serves, according to 
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Huxley, merely as a kind of stalk, from which now zooids 
bud out, and this process, in his opinion, “lends to the still 
more singular process of development in Pynmnna, in wl\ieh 
the first formed embryo attains only an imi)erfect develop- 
ment, and disappears after having given rise to four aseidio- 
zooids.’’ In ClavelUna and Perophora the original parent 
Ascidian throws oft branches or stolons from which develop 
new individuals. 

The usual mode of development in the simple and com- 
pound Ascidians (forming tlie order AHcidiaviut) is by fertil- 
ized eggs. We will give the life-history of an Ascidian as 
based on Kowalevsky and Kupffer's researches on Phallmia 
mammiUata Cuvier, in which the embryonic stages wero ob- 


A n 



Fip. 138,— “Rmbryo A«cidian. A, a, primitive opcnii^ ; k, primitive dij^cstlve ear. 
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served, and A.scldUi intestuialls, in which tlio larval and 
subsequent sttiges were studied. 

The egg consists of a yolk unprotected by a yolk-skin, but 
suiTOunded by a layer of jelly containing yellow cells. The 
yolk undergoes total segmentation. The next step is the 
invagination of the ectoderm, a true gastrula state resulting. 
Fig. 133, yi (after Kowalevsky), represents the gastrula ; hy 
the primitive digestive cavity ; a, the primitive opening, 
which soon closes ; and c, the segmentation-cavity or primi- 
tive body-cavity. After this primitive opening (a) is lost to 
view, sometime before the embryo has reached the stage By 
another cavity (n) appears with an external opening. This 
cavity is formed by a union of two ridges which grow out 
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from the upper part of the germ. This is the central ner- 
vous systeWf and in the cavity are subsequently developed 
the sense organs. We tlius see, says Kowalevsky^ a com- 
j)Jete analogy in the mode of origin of the nervous system of 
tlie Ascidians to that of the vertebrates, the nervous cavity, 
where the embryo is seen in section, being situated above 
the digestive cavity in botli types of animals. 

The next important stage is the formation of the tail. 
Tlic pcar-sliaped germ elongates and contracts posteriorly 
until of the form indicated at Fig. 138, B. At this period 
a])j>ears the axial string of nucleated cells, called the chtrda 
(lorsalhy as it is homologous with that organ in Aniph loins 
and the embryo of higher vertebrates. The nervous system 
consists of a mass of cells extending halfway into the tail 
and directly overlying the chordety but extending far beyond 
the end of tlie latter as seen in tlie figure. The nerve-cav- 
ity (/y, ?/) after closing up forms the nerve-vesicle, a largo 
cavity (Fig. 130, «), in which the supposed auditory organ 
{c) and the sujiposed eye {a) arise ; this cavity finally closes, 
and the sense-organs are indicated by certain small masses 
of pigment cells in the fully grown Ascidian larva. 

As the embryo matures, the first change observed in the 
cord is the a])pearance of small, refractive bodies between 
the cells. Between the neighboring cells soon appear in the 
middle minute highly refractive corpuscles which increase 
in size, and press the cell-contents out of the middle of the 
cord. After each reproductive corpuscle grows so that the 
central substance of the cell is forced out, it unites with 
the others, and then arises in the middle of the simple cel- 
lular cord a string of bodies of a firm gelatinous substance 
which forms the sujiport of the tail. After this coalescence 
the substance develops fartlicr and presses out the proto- 
plasm of the cells entirely to the periphery. The cord when 
complete consists of a firm gelatinous substance surrounded 
by a cellular sheath which is formed of the remains of the 
cells originally comprising the rudimentary cord. The cells 
lying under the epithelial layer form a muscular sheath of 
which the cord (Fig. 138, c) is the support or skeleton. 

The alimentary cavity arises from the primitive cavity 
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(Fig. 138, A, h); whether the primitive opening (Fig. 138, 
A, a) is closed or not, Kowalevsky says is an interesting 
question. According to analogy with many other animals 


it probably closes. 

The larva hatches in from 
forty-eight to sixty liours af- 
ter the beginning of segmen- 
tation, and is then of the 
form indicated by Fig. 139 
(copied with some additions 
and omissions from KnjitTer’s 
figure, being ])artly diagram- 
matic). Til is anatomist dis- 
covered in the larva of As- 
cidia canina, wliich is more 
transparent than Kowalev- 
sky's Phallusia larva, not 
only a central nervous eord 
overlying (he chorda durmlis 
and extending well into tlio 
tail, while in tlie body of the 
larva it liecoines broader, 
club-shaped, and surrounds 
the sensitive cavity {a)y but 
he also detected three jiairs 
of sjiinal nerves (s) arising at 
regular intervals from the 
sjiinal cord {h, Id) and dis- 
tributed to the muscles (not 
represented in the figure) of 
the tail ; Knjiffer calls / the 
middle and g the lower brain- 
ganglion. The pharynx {h), 
or respiratory sac, is now 
very large ; it opens pos- 
teriorly into the stomach and 
intestine (t) ; z represents 
one of the three appendages 



Fie. 1IW.— Lan'al AMCidlan. a, penHO 
cavity coutttliiine the eye; 6, pi) ary nx or 
reapiratory wte ; c, iiolot'nord ; f', Huppowtd 
auciiiory oreati ; middle, lower brain- 
ganelion; A, A, kpinal cord ; /f, /t, )», three 
acts of fipinal nerves; Juteatlm! ; 
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by which the larva fastens 


itself to some object when about to change into the adult. 
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sessile condition ; t indicates the body- wall, consisting of 
epithelial cells. 

Wo will now, from the facts afforded us by Kowalevsky, 
trace the changes from the larval, free-swimming state to 
the sessile adult Ascidia, which may be observed on the 
New England coast in August After the larva fastens itself 
by the tliree processes to some object, tlio chorda dorsalis 
breaks and bends, the cells forming the sheath surrounding 
the broken axial cord. Tlie muscular fibres degenerate into 
round cells and fill the space between the chorda and the 
tegument, the jelly-like substance forming a series of wrin- 
kles. With the contraction and disap])earance of the tail be- 
gins that of the nerve-vesicle, and soon no cavity is left. The 
three processes disappear ; the jdiarynx becomes quadrangu- 
lar ; and the stomach and intestine are developed, being 
])ent under the inlestine. A mass of cells arises on the an- 
terior end beneath the digestive tract, from which originate 
the heart and })ericardium. In a more advanced stage, two 
gill-holes appear in the ])harynx, and subsequently two more 
slits, and about this time the ovary and testis ai)pear at the 
bottom, beyond the bend of the alimentary canal. The free 
colls in the body-cavity are transformed into blood-cells, and 
indeed the greater part of those which composed the nervous 
system of the larva are transformed into blood-corpuscles. 
Of the embryonal nervous system thei'e remains a very small 
ganglion, no ncAV one being formed. The adult Ascidian 
form meanwhile has been attained, and the very small indi- 
viduals differ for the most part only in size from those which 
are full-sized and mature. 

It will be seen that some highly important features, recall- 
ing vertebrate characteristics, have occurred at different pe- 
riods in the life of the embryo Ascidian. Kowalevsky remarks 
that the first indication of the germ, the direct passage of 
the segmentation cells into the cells of the embr}^o, the for- 
mation of the segmentation-cavity, the conversion of this 
cavity into the body-cavity, and the formation of the diges- 
tive cavity through invagination — these are all occurrences 
which are common to many animals, and have been observed 
in AmphioxuSy Sagitta, Fhoronis, Echinus, etc. The first 
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point of difference from other animals in the development 
of all vertebrates is seen in the formation of the dorsal 
ridii^es, and their closing to form a nerve-canal. Tliis mode 
of formation of the nervous system is eharacteristie of the 
vertebrates alone, except the Ascidians. Another primary 
chanicter allying the Ascidians to the vertebrates, is tlio 
presence of a chorda dorsalis, first seen in the adult Appen- 
dieularia by J. Mtlller. This organ is regarded by Kowal- 
evsky to be- functionally, as well as genetically, identical with 
that of Amphioxns. This was a startling conclusion, and 
stimulated Professor Kupffer, of Kiel, to study tlio embry- 
ology of the Ascidians anew. lie did so, and the results this 
careful observer obtained led him to fully endorse the con- 
clusions reached by Kowalevsky, particularly those regarding 
the unexpected relations of the Ascidians to the vertebrates, 
and it would api^oar from the facts set forth by tliese emi- 
nent observers, as well as Metschnikolf, (lanin, Ussow, and 
others, that the vertebrates have jirobably descended from 
some tyjKi of worm res(‘m])ling larval Ascidians more perhaps 
than any other vermiaii iyi)e, though It is to be remem])ored 
that certain tailed larval Distonun appear to ])ossess an organ 
resembling a chorda dorsalis, find farther investigation on 
other types of worms may h-ud to discoveries throwing more 
light on this intricate subject of the ancestry of the verte- 
brates. At any rate, it is among the lower worms, if any- 
where, that we are to look for the ancestors of the Vertohrates, 
as the Cmlenterates, Echinoderrns, the Mollusks, Crustacea 
and Insects, are too circumscrihed and specialized groups to 
afford any Init charatdeivs of analogy rather than affinity. 

For example, the cuttlefish, with its “bone,” brain-cap- 
sule and highly-developed eye, is, on the whole, more remote 
from the lowest vertebrate, Am])hioxus, than the Appendix 
cularia or the larval Ascidian. 

Certain (three) species of Molgula have been found by 
Lacaze-Duthiers to have a nearly direct development, not 
producing tailed young. There is a slight metamor])hosi8, 
however, the young having five temporary, long, slender 
processes. In Ascidia ampulloides the larva has a tail, no- 
tochord and pigment spots, which are wanting in the young 
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of several species of Molgula, but it has the five long decid- 
uoua appendages observed in young Molgulm, Among the 
compound Aseidians, Botryllufi and Botrylloides have tailed 
young, while in oilier forms there is no metamorphosis, dc^ 
velopment being direct. 

Order 2. Thalincea . — On the whole, we may regard this 
order, represented by Salpa (Fig. 140), and Doliolum, as 
comprising the more specialized forms of Tunicates. Salpa 
is pelagic, one species occurring in abundance off the shores 
of Southern New England, while 
the otliers mostly live on the high 
seas all over the tropical and siib- 
trojiical n^gions of the globe. Late 
in the summer our Balpa spiiiom 
of Otto can be captured in multi- 
tudes by the tow-net in Long Island 
Sound. 

There are in Salpa two kinds of 
individuals, i.e., tlio solitary, and 
aggregated or eliain-Salpsp. The 
body of ihe solitary or asexual 
form is more or less barrel-shaped, 
with a series of circular bands of 
muscles, like the hoops of a barrel, 
and situated on the inner side of 
the outer tunic. The test is trans- 
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parent, though very thick, while 
the outer tunic lines the cavity of 
the test as in other Tunicates. In 
the members of this order the oral 
aperture of the mantle is at one 
end of the body, and the atrial 


opening at the opposite end, the minute digestive canal be- 
ing but slightly curved, the body-cavity being largely occu- 
pied by the pharyngeal or respiratory sac. Moreover, the dor- 
sal or hiemal side of the body is clearly distinguishable from 
the ventral or neural side, as well seen in Doliolunty where 


the well-marked tubular heart lies above the digestive organs, 
and is directly opposed, as in worms generally, to the nervous 
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system, which is situated vcntmlly between the mouth and 
vent. We thus have in those Tunicates a front and hind 
end of tlie body, a dorsal and vejitral, as well as a distinct 
bilateral symmetry of the body. This is seen \n App^^ndi- 
ctdaria as well as in Doliolum and Snlpa, however much 
this symmetry may be obscured in the more typical Aseidi- 
aiis, such as Ascidiciy Molgnla, Boltenidy etc. 

The oral aperture leading into the respiratory sac is large, 
being as wide as the IkkIv ; the resj)iratory sac is more com- 
plicated than in other Aseidians, and more so than in Doli- 
olnvi, where it is a wide, deep passage, the (esophagus at the 
hinder end, the sac itself j)erforated by two rows of bran- 
chial slits, four or five slits in caeli row. In Salpay how- 
ever, the respiratory sac, us described by Brooks, is attached 
to the outer tunic, around the edges of the mouth, as in 
other Tunicates. There arc only two hramthial slil.s, one on 
each side ; these are very large, and cover almost, the whole 
surfaca^, of the branchial sac, except the median dorsal and 
hfemal lines. On the neural side the branchial slit opens 
directly into the atrium, the ciliated line where the two 
tunics unite being marked by the so-called (Brooks). 

In Salpa, according to Brooks, tlie branchial sac, though 
ciliated within, is not so directly concerned in the respiratory 
act as in other Tunicates, since respiration is effected largely 
by the action of the muscles, which also assist deglutition, 
and are the organs of locomotion. These contract rytluni- 
cally, with great regularity, and at eiich contraction tlie 
w^ater is cxpelbd from tlic branchial sac tlirough the atrial 
aperture ; and when the muscles are relaxed, the elasticity 
of the test distends tlie chamber, and a fresh supply is drawn 
in through the branchial aperture, the lips of which readily 
admit its passage in this direction, while a similar set of 
valves allows its passage out of the atrial aperture, but pre- 
vents its return.” Thus a chain of individuals move with a 
uniform motion, while the solitary individuals and those 
which have been set free by the breaking up of a chain, move 
by jerks. 

The digestive canal is small, curved on itscflf, the msopha- 
gu8 leading from the bottom of the pharyngeal or r(;«f)iratory 
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sac into a small stomach, the intestine bending back on 
itself, and the vent being near the mouth. The entire diges- 
tive caiial is immovable, the food being driven tliroiigli the 
j)erinanently distended cavity by means of the cilia lining 
its inner surface. TJie great ])osterior blood-sinus surrounds 
the digestive system on all sides, tlie nutriment being di- 
rectly ahserbed from its surface and mixed witli tlie blood. 

The nervous system is, in adaptation to its locomotive life, 
more s])eeialized than in the sessile forms, and highly spe- 
cialized organs of sight and hearing are pnisent. The heart 
is a short, eoni]»licated organ, lying in the sinus-system. Its 
action is often reversed ; the reversal of the beats tending 
to clear the sinus(‘s of tin* blood-disks overcroAvding them. 
In one sju-cies of 8al])a Prof. Prooks states that the Idood- 
channels are in all cases sinuses, which are }»arts of the body- 
cavity .and luivii no special Avails, though in si)ecies investi- 
gated by oth(‘r writers there are said to be true blood-Aessels, 
lim‘d Avith epithelium. 

h(‘rmaj>hrodit ic, aggregated or chain-sal]ai ditha-s from 
the soliliiiy asc'xnal form in being lt‘ss regularly barrel- 
shaped, and Avithoiit the two long ])osterior a])pendages of 
the latter; in the •|)ro[)oriions of the different organs, the 
two forms are essentially alike. 

Tlie young cluiin is easily i)erceived in the solit.ary indi- 
viduals in the posterior part of the body, curving around the 
digestive organs. AVlien lirst set free from the body of the 
solitary Sal])a, the chain is about half an inch long, and the 
single, individual SalpiB composing it are .about tAvo and a half 
millimetres iji length. Tliey groAv ATry rapidly, and soon 
roaeli their full size, Avhen the chains arc often a foot or a 
foot and a lialf long ; the individuals composing them when 
fully groAvn being al)Oiit two eentiinetres in length. Tlie 
chain caisily falls apart, and the individuals iire capable of 
liAung a solitary life, Huxley stating that tlie chain-individu- 
als of the sp(.Acies observed by him AA^ere generally found soli- 
tary ; for this reason avc should regard the cliaiu-salpai as 
individnahf not zooids, being capable of leading an inde- 
pendent existence, andwuth a structure almost identical with 
that of the solitar}^ Salpa?. 
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Brooks lias studied the mode of development of the female 
and male Salpa spirwm (Fig, 14:0). When a Salpa-ehuin is 
discharged from the body of the asexual Salpa, each imii- 
vidual of the eluiiii contains a single egg \vlneh is fertiliml 
by sj>enn-cella of individuals l>elonging to some other chain, 
and after passing through tlie niulberry stage and entering 
tijc gastrnla stage, tlie g(‘rm is in most intimate relation 
witli the ])ody of its panni. The vase-slia[)ed gastrnla is 
lodged in a ]>rood-sac. Its hodY-<*avity, originally fojnied 
invagination of tlie ecdodeian, ojiens direetly into the simis- 
fysteiu of its nurse, and tlie blood now circulates in and out 
of the primitive digestive (‘aviiy as W(‘ll as around the out- 
side of the e]n])r\o. But. as the emliryo grows and tills tlie 
brood-sac, so tluit the outer surface of the gastrnla Ix'eomes 
intimately connected with tlie wall of the lirood-sac, tlie 
lilood no longer hailies tlie ontsi(l(^ of tlu' emljryo. 

At tins time the plaeenta'Ms fornu'd. Brooks ]>eliev(‘s 
that it originates directly from tin* hlood, ‘‘liy tlu' jiggr(‘ga- 
tion and fusion of its eorpns(d(‘s,''' not being derived from any 
of the partsof the ]>arent or ernhryo. Soon after its appear- 
ance it eonsi.stsof an inner eliamher eommnnieat iiig witli the 
sinus of the nurse, and liaving no eonimiinieat ion with any 
of the (*avitit‘s of the enibrvo ; its cavity being a j)ari of tlie 
(original “ ]>rimit ive stonuicir’ of tlie gjistrula. Jt liiially lias 
two ehamlHU’s, an inner and outer om*, and Jlnxley desciribes* 
the hrdal eirenlation in the jdaiamta, a deciduous organ 
analogous in fiimdion, hut hy no means homologous in struc- 
ture, with the veHebrate jdaetmta. 

liVJien the embryo of the solitary 8al}»a is about four 
nullimotres ( inch) long, and while still in the lirood-sac of 
tlie parcait, tlie tube wbicli is to give rise to the chain a[>- 

* “ The blfKxl-corpuscles of the parent may ho rciadily traced <*ntcr 
ing the inner wic on one side of the partition, coursing round it, and 
finally rc-cntcring the parental circulation on the other side of tin; i)ar- 
tition ; while the f<elal l)lood-<;orpuseles, of a different size from those 
of the parent, enter the outer sac, circulate round it at a difTcront rale, 
and leave it to enter into the general circulation of the dorsal .sinus. 
More obvious still docs the independence of tin; two circulations be- 
come when the circulation of either mother or fu tus is reversed.*’ 



By the deepening of these constrictions, each of tJic 
sinns-chanibers, which are diverticula from tiic body-cav- 
ity of the solitaiy Salpa, becomes divided u]) to form tlie 
body-cavities of the 8alpa3 on one side of tlie chain. From 
the central tube of the stolon arises a row of buds on each 
side, whicli become the brancliial and digestive organs of tlie 
>Salpa3 on each side of the chain ; while a similar double row, 
upon tlie other edge, gives rise to the ganglia. The club- 
shaped organs within the sinus-chambers become divided up 
into single rows of eggs, one of which passes into the body- 
cavity of each ohaiu-salpa at a very early jieriod of develop- 
ment. 

Thus, as Huxley states, budding occurs, not from the outer 
wall alone, as in llydroids and Polyzoa, ‘*'but, from the first, 
several com])onents, derived from as many distimd ])arts of 
the parental organism, are distinguishable in it, and each com- 
ponent is the source of certain parts of the new being, and 
of these only.'’ Prof. Brooks iwlds tliat while these changes 
are going on the constrictions on the surface deepen, the 
M^all protruding from them, and eacli is soon seen to mark 
off, on each side of the stolon, the body of a young Salpa, 
which soon becomes visible to tlie naked eye. They do not 
increase in size gradually from one end of the stolon or tube 
to the other, but develop in sets of from thirty to fifty each, 
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and tlie development of all which are embraced within a set 
progresses uniformly ; there are usually three of these sets 
upon the tube of an adult solittiry Salpa.* 

Thus the Salpa reproduces parthcuogeneiically »is in some 
Crustacea and insects, and we have hero a true ciise of alter- 
nation of generations.” In 1819 Chamisso stated ‘Uhat a 
Salpa mother is not like its daughter or its own mother, but 
resembles its sister, its granddaughter, and its grandmother. f 

Immediately after the j)ublicatioii of Brooks’ reseanihes 
on SaljM spi^wscif tliosc of Salensky on Salpa demovraiiva- 
mucronata (a species said to be closely allied if not identical 
with ;S'. ttplnosa) appeared. According to the Kussian ob- 
server, as staled Ijy Huxley, who ad()j>is his eon(;lusions, iho 
chain-sal])a is a hermapljrodite, and the egg while siill in 
the ovarian follicle is fertilized, when the oviduel shorttMiiug 
and widening forms a single uterine sac, the maternal and 

* Tho Pevclopmont of Salpa, by W. K, Brooks. Bulletin of the 
Museum of Comparative Zoology, III., No, 14, (.’am bridge, 1870. Wo 
have ])reHrnte(l quite fully the author’s account of the iiukIo of devel- 
opment of the young asexual (his female) Salpa, without, however, 
adopting his interpretation of the sexes of the two kinds of individuals 
of Sa]]>a ; believing his female” Salpa to he asexual, and his male” 
Salpa to Im) hermaphrodite, with an ovary and testis, as he has not ap- 
parently observed the fact of the introduction of an egg into tho bwly 
of his “male” Salpa. On the contrary, it appears to he d<;veloped 
originally in a true, simple ovary or “ovarian follicle the testis being 
immature and the egg fertilized by sperm-cells of other liermaphro- 
dites, in-and-in bretniing thus being prevented. 

f This view has been endorsed by Steenstrup, Sars, Krohn, and 
others, e8[)ecially by Leuckart In the following words (juoted by 
Brooks: “It is now a settled fact that tlie reproductive organs are 
found only in the aggregaUid individuals of Salpa, whih3 the solitary 
individuals, which are produced from tho fertilized eggs, have, in 
place of sexual organs, a bud-stolon, and reprodnee in the asexual 
manner exclusively, by tho formation of buds. Male and female 
organs are, so far as we yet know, united in tho Salpae in one indi- 
vidual. The Stilpm are hermaphrodite,** On the other hand, Todaro, 
in au e]al>orate memoir (1870), considers the Salpa as the synthetic 
type of all the vertebrata, presenting feature.^ peculiar to each class, 
even including the mammals. In his opinion it is an allantoidian ver- 
tebrate, developed in a true uterus, the neck of which, after the life of 
tho embryo be^ns, becomes plugged with mucus. 



moimr. 


^14 

eiateyonio parts of the placenta arising, respeetiTely, from 
tito wall of the ovarian sac and from certain large cells (Mas- 
tomeres) on the adjacent (haemal) face of the emhryo. Thus 
the asexual development of the Salpa is like that of the germ- 
masses destined to form the Cercarim developed in the body 
of the Redia of the Distoma ; and is also like that of the 
plant lice (Huxley). This is a reaffirmation and extension 
of the original view of Chamisso. 

To recapitulate, the life-history of the Salpa is as follows : 
There are two kinds of individuals : a, solitary, asexual ; h, 
social, aggregated, and hermaphroditic. 

(1.) The solitary, asexual Salpa i)ro(Iuces by budding a 
cliain of hermaphrodite Salpse ; the latter produce a fertil- 
ized 

(2.) Egg, which passes throiigli a — 

(3.) Morula and — 

(4.) G as truhi stage, contained and growing in a })lacouta- 
like organ, where the embryo is directly nourished l)y the 
blood of the parent, the embryo finally becoming — 

(5.) A solitary asexual Salpa. 

We thus have a true alternation of generations, like tlic 
sexless Ily droid and its sexual Medusa, the asexual Aphis 
and its last brood of males and females ; tlio asexual Redia 
and the sexual Dinioma ; in all these cases the offspring (h) 
of the asexual individual (a) is unlike the parent, but tlie off- 
spring (e) of the second generation (h) is like (a) the g-raiid- 
parent. 

Lastly, while some true worms (o.g., Balaiwylossns), and tlie 
mollusks through the cuttle-fish, present strong features an- 
ticipating tlie vertebrate structure, the Tunicata scorn more 
closely allied to the vertebrates, particularly Aniphioras, than 
any other invertebrate ty]>c. To sum ii]) these resemblances : 
the larval Ascidiau has a notochord, a vSiiinal ucrve-cord, 
and sets of spinal nerves, like those of lowly organized or em- 
bryonic vertebrates, though these are morjihologically on the 
ventral side of the body, as in other worms ; the nervous 
cavity and its mode of closure in tlio embryo is as in the em- 
bryo vertebrate ; the respiratory sac of the adult Tunicate 
resembles morphologically that of the Amphioxa^s, Conse- 
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quently, wWle as a matter of fact the Tunicates, as a whole, 
resemble, and as it were antici|iate, the advent of a verte- 
brate, like Amphioxus ; as a mtUter of pure hypothesis, the 
Vertebrates may have descended from animals like Tuiiicates, 
But we need not on this account dissociate the Tunicutcs from 
the worms, remembering their res{‘mblanco to Jlalanoglos’ 
suSf and even to ilie Trematodes, and place iliem near Am- 
2)liioxus and the Vertebrates in genenil. But we are obliged 
to leave them at this point and pass on to tlio eonsidenition 
of the highly specialized worms and Mollusea. (h-iistiujoa, and 
Insecta, which are circumscribed, closed types of animals 
with possibly a vermian ancestry. 


Class VI.— THNtCATA. 

T^ody nmally nfthsphti'iral, or mc-H/ce, ohmurely nymmetrical ; mme 
tmr.s barrel Hhoped, hihiteral, irith a darml and ventral nymme(ry, pro^ 
tfcted by a tramparent or dense, test, containinfj e,ellulofte, lined within 
by a tunic surrounding the hody-earUy. Tito openings in the test, one 
oral, the other atrial; rrio^iih Imding into a capacious pharyngeal rcs~ 
piratory sac, opening posteriorly by an o'sophagus into a stomach, which 
is provided with a liver; intestine, jie zed, vent opening near the imiphagus, 
the fcpccs passing into an atrium or elomal space, and thence out of the 
atrial opening. Nei'vous system bilateral, forming a double ganglio- 
nated ehain (Appendicnlaria), but nsuaUg reduced to a single, gaiajlion, 
situated icithin the tunic between the two openings ; a tubular heart, open- 
ing at each end, lodged in a sinus system, and its heatings often reversed, 
the. Idood Jlotcing in and out at either end. Sexes nswilly united ; in some 
forms asexual individuals ; reproducing by eggs or budding pwrtheno- 
genciicaliy, or by gemmaiion. 

Order 1. Ascidiaeea . — Body sac-liko, subsplierical, usually 

Bonietimes stalked, simple or compound, minute individuals 
arrowing in a common mass ; the oral and atrinl openings 
contiguous ; often a complete metamoridiosis. (Appendicu- 
laria, Botrylliis, Amaroecium, Clavellina, Pftropliora, As- 
cidia, Boltenia, Pyrosoma). 

Order 2. Thadiacea . — Body barrel-shaped ; free-swimming, thick, 
hyaline ; with circular muscular bands ; respiratory sac 
widely open ; reproducing by alternation of generations. 
(BaJpa, Doliolum). 
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TfVA;,— The Tunicates can well be studied oikiy la 
a Hying state ; or sections of bardraied Salpes may be made. The 
young, caught with the tow-net, should be immediately examined, as 
they are very short-lived. Delicate sections of hardened eggs and 
larvae are made with great difficulty, but are necessary to examine In 
connection with the living more or less transparent animals, 


Class VII. — Nemertina {Nemertean Worms). 

General Characters of Nemerteans. — The Nemertean 
worms occur abundantly under stones, etc., between tide- 
marks and below low-water mark ; they are of various col- 
ors, dull red, dull green and yellowish, and are distinguished 
by the soft, very extensile, more or less flattened, long and 
slender body, which is soft and ciliated over the surface, 
the skin being thick and glandular. A few forms, such as 
Prorhynchns (Fig. 141), live in fresh water. 

The mouth forms a small slit on the ventral surface im- 
mediately behind the aperture for tlie exit of the proboscis. 
Tlie (eso])hagus le.'ids to a large digestive tract, ending i‘)os- 
tcriorly with an anus, and often witli short lateral coeca. In 
Pelayonemories Avenardia the numerous ccecu are mucli 
branched. 

The nervous system is quite simjde, consisting of two 
ganglia in tlie head united by a double commissure ; from 
each ganglion a thread composed of nerve fibres and ganglion 
cells passes back to the end of the body. 

While the Nemerteans are much like the flat worms, 
most of them approach the Annnlata, such as tlie earth- 
worm, in their highly comjdicated circulatory system, whicli 
is composed of a series of closed contractile vessels. There 
are three groat longitudinal trunks, one median and two 
lateral, and connecting with each other. The blood is pale, 
rarely red, with corpuscles. Another feature characteristic of 
many Nemerteans is the “proboscis,” nothing like it being 
found in other worms. Along the back of tlie head-end is 
a special muscular sheath containing the complicated probos- 
cis, which is extended through a pore situated above the 
mouth. The sheath contains a corpusculated fliiid, and 
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both the sheath and proboscis lie between the commissures 
of the ganglia in the front part of the head. 

The ovaries and testes are situated in sacs 
on each side of the digestive canal. The 
sexes are distinct, with the exception of cer- 
tain species of Sorlasia, The breeding sea- 
son is from March to April, while otliers 
spawn all summer. The eggs are ejecUHl 
from lateral, pale, minute openings, and the 
8i>ecies may bo either oviparous or ovovivi])a- 
rous. These worms when molested often 
break into fragments ; in such cases each 
piece is capable of rei)rodncing the ent ire, ani- 
mal and all its internal organs. 

The Xemeideans ju'esent a great range of 
variation in their mode of deveb 4)101*11 (. In, 
the simplest mode of grow'tli the young is a 
eiliated oval form, witliout any body-cavity. 

In others there is a body-cavity, lint the larva 
is minute and ciliated, and attains tlie adult 
form ])y direct growth. In still anotlier spe- 
cies (XewcrtcH coin/niniit<) the embryo is a 
ciliated gastruhi, liut leaves the egg in the 
adult forai. In others there is a complete 
and most interesting metamorphosis. In 
several Xemertean )vorms the egg undergoes 
total segmentation, leaving a segmentation- 
cavity. The next occurrence is the separa- onrofuie »impfe«t 
tion of a one-layered ciliated blastoderm, tlic ^Si- 

ectoderm, whi(Ji invaginates, forming tlie 
primitive digestive cavity, from which the 

f *' <. I rr. tine; c,dlittU’d p(t«; 

stomach and a^sophagus arc formed. The in the pro- 

larva (originally described under the name of above tiu* lEHopha- 
Pilidium) is now liclmet - shaped, ciliated, 
witli a long lash (flagellum) attached to the ir 

posterior end of the body. (Fig. 142 .) 

After swimming about on the surface of 
the sea a wdiile, the Nemertes begins to grow 
out from ne-ar the oesophagus of the Pilidiuni. On oaidi 


Fig. 141. - Vw 
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side of the base of the velum {v) of the Pilidium ap- 
pear two thickenings of the skin, one pair in front, 
the other behind ; these thickenings push inwards, and 
are the germs of the anterior and posterior end of the 
future worm. Tlie anterior pair become larger than 



Pijr. 142.— Larva or*<Pnidimn” of 
tea, with the worm jt^rowiiiL' in it. 

eyes ; i, intestine of the Neincrtean > 
After Leuckart. 


the posterior ; the jtart of 
tlie disk next to the mso- 
phagUB thickens ; at the 
same time the alimentary 
canal of tlie Pilidium 
grows smaller, and only a 
naiTow slit remains. The 
disks now divide into two 
layers, the outer much 
thicker than tiie inner. 
Soon the anterior ])air of 
disks unite, and the hciul 
of thoworm is soonfornied, 
when the elliptical outline 
Jeium ; wofin is iiidi- 

mrm.— catcd, and ap])ears some- 
what as in Fig. 142. The 


yolk mass, with the alimentary canal of the Pilidium, 
is taken bodily into the interior of the Nemertes, the 
Pilidium-skin falls off, and the worm linally seeks the 


bottom. 


The free-swimming larvae of other Nemerteans are very 



Fig. 143. — Te/.ra- 
stetntna, aNeinertean 
worm ; magniflod. 


closely similar to those of the Annelids, so 
that from this fact and the nature of ihe 
highly developed circulatory syvstem, the 
Nemerteans have been removed from the 
neighborhood of the Hat woims, and jdaced 
near the Balmioglossus and Gephyrea^ as 
well as the leeches. 

Order 1. Anopla.’-^ln this group the pro- 
boscis is without a style. The species of 
Lineus and MecJcelia are, in some cases. 


very long. Mechelia ntyem Leidy is 2| centimetres (an 
inch) wide, and attains a length of 4 metres (15 J feet). It 
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lives under stones at or below low-water mark on il\o coiist 
of New England southwards to South Carolina. 

Order 2. Enopla, — In the members of this group the 
proboscis is furnished witli a style. Kepresentatives of the 
order are the species of I'etrastemma {T. serpent in uni 
Girard, Fig. 143) and of Nemcrtes, The former is a little 
yellowish worm, common under stones on the coast of New 
England between high and low-water mark ; it has a slightly 
marked head with four dark eye-specks. 


(^LASS VIT.— NEMERTINA. 

Body ribhondike or rylindrie/tl, xoft, extcunhle, ciliated extcrndlli/ ^ with 
a probosciH in a sheath opening by a pore silualed ahoce the vioutfi. (Jir^ 
culatory system approaching that of the Annulata. Sexual organs, duct- 
less sacs ; either with or mtimut a meXamorphosis. 

Order Ampla . — Proboscis witliout a Htvi(\ (LinouB, Mockelia,) 

Order 2. Etiopkt . — Proboscis witli a style. (Noinertes, Malacobdolla.) 


Class VITI. — Enteuopkepsta {Acorndonyue worms,) 

General Characters of the Enteropneusta. — The re- 
markable worm, BaJanoylassus (Fig. 144), the iy])o of this 
class, combines (diaracters ]>eculiar to itself, with features 
reminding us of the Nernerteans, Annelids, Tunicata, and 
even the vertebrate Amphioxus, while its free-swimming 
larva, before its history was known, was su[>posed to be a 
young Echinoderm. It is therefore, like some other worms, 
a synthetic or generalized type. 

Balanoejlossus anrantiacus (Girard, Fig, 144) is a long, 
cylindrical, soft, fleshy worm, footless, without bristles, but 
Avith a large, soft, whitish tongue-sliaped j^roboseis in front, 
arising dorsally Avithin the edge of the (collar surrounding 
the mouth. At the beginning of the digestive ruinal is a 
series of sac-like folds, of wliicb the upper or dorsal portion 
is respiratory, and separated by a (ronstriction from the lovvor. 
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which is digestive, and leads directly to the intestine behind. 
This pharyngeal respiratory portion of the digestive canal has 
on each side, in each segment, a dorsal sac, the two commu- 
nicating along the median line of the body. The dorsal re- 
spiratory sacs bear in their walls a delicate chitinoiis gill- 
support- or arch. Between the gill-arches, forming numerous 
lamellas, are a series of slits, leading on each side to open- 
ings (spiracula) situated dorsally. The water passes through 
the mouth into each gill-sac, and out by the spiracles. Xo 
nervous system has yet been discovered. There is a dorsal 
vessel, which sends branches to the respiratory sacs, and a 



Fi«. 144. Pjg. 145. 


Fig. tiS.— Bala noglofisvs, not fully mature; inagniAed. 

Fig. 144.~ Larva ( 7’or«aWa) of Balanoalwsu^. a, anus; ft, branch of water-vascu- 
lar system loading io the dorsal pore / dj; e, cye-speck ; g, gills ; ft, heart ; i, in- 
testine; m, mouth ; m', muscular baud from the eyu to the water-vascular tube ; o, 
oesophagus ; s, stomach or alimentary canal ; w, lappet of stomach ; u\ anal band of 
cilia ; w, water-system.— After A. Agassiz. 

ventral vessel. Tlie worm lives in sand at low- water mark 
from Cape Ann to Charleston, S. C. 

The life-history of this worm is most interesting. The 
young, originally described under the name of Tor 7 iaria, 
was supposed to be an Echinoderm larva, though it closely 
resembles the larval Gephyrea and AnneUdes. It is a trans- 
parent, minute, ciliated, slender, somewliat bell-shaped form 
(Fig. 145), with black eye-specks. When transforming to 
the W'orm condition, a pair of gills arise on sac-like out- 
growths of the oesophagus, and afterwards three additional 



ANATOMY OF BHABC0L080MA. 

pairs with their external slits arise, somewhat as in Ascidians. 
The entire Tornaria directly transforms into the worm, the 
transitional period being very short. The body lengthens, 
the collar and proboscis develop, and the worm eventually is 
as seen in Fig. 144 ; afterwards the body lengthens, the end 
ta}>ering and becoming much coiled. 


Class VIII.— ENTEROPNEUSTA. 

Footless, smooth-hodied worms ; with no bristles, a large exserted soft 
fleshy prolmcis ; breathing by a series of dorsal respiratory sar,s opening 
into the digestive canal, and communicating externally by spiracles ; with 
a metamorphosis. (Balanoglossus.) 


ClaSvS IX. — (iKPiiyuEA {Star-worm f). 

G^eneral Characters of the Gephyreans.—The most accevs- 
sible type or rei)resentative of tliis small but interesting group 
of worms is a large, smooth, cylindrical worm from six to 
ton inches long, wliich is common in sand or sandy mud at 
low-water mark. It is the Sipunculus or PhascoloHoma 
Gouhlii Diesing, and from its abundance ami largo size, as 
well as the ease with which it can be preserved in spirits, is an 
excellent subject for the laboratory, serving as an example of a 
very aberrant type of worm tis compared with the earth- 
worm, or with a Nereis, The body is as smooth as a pipe- 
stem, and about that size, unarmed, with a circle of numer- 
ous small, flat, foliaceous tentacles around the mouth. On 
laying oi>en the body from the hejid to the extremity (Fig. 
14G), the body-walls are seen to be lined with fine longi- 
tudinal flat muscles, with two une<pial pairs of large wliite 
retractor muscles, the anterior third of the body Ixung 
highly retractile. The intestinal part is found to float free- 
ly, though anteriorly attaclied to the walls by a fcAv museii- 
iar threads, in the capacious body-cavity, and is usually full 
of fine mud. The oesophagus is long and slender, situated 
between the shorter pair of retractor muscles ; bc^h ind the 
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insertion of the muscles it enlarges, but there is no true 
stomach : it is about twice the length of the body, and is bent 
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Fiff. 14r>.— Anatomy of P/tmcoIomma 
OouTUii^ cut open, with the flaps pinned 
down. tvsophauns ; a)\ two short 
muscles ; pr, two long refractor mus- 

slde'of the long msophiigus indicatfng 
the watcr-vasciilar tube ; n, nervous 
cord ; segmental organs ; the long, 
twisted intestine returns, ending at a. 
Natural size.— Drawn hy J. IS. Kings- 
ley. 


and twisted on itself, ending 
dorsally in a vent marked by an 
external wart, on the anterior 
third of the body. Near this 
point is situated a pair of large, 
long, slightly i.wistcd segmental 
organs(5)thc f ree ends of which 
flare slightly. The nervous 
system (n) forms an oesophageal 
ring, and from it passes a well- 
marked ventral single cord, 
from which jit sliort intervals 
jniss off small sliort lateral 
nerves. The vascular syslein 
is represented by a circular 
vessel lying next to the ner- 
vous a\so])]iagoal ring, sending 
branches into, or at least in 
communication with, the cavi- 
ties of the tentacles, and from 
the ring passing along and in- 
timately connected with the di- 
gestive tract, forming a rnflle- 
likc organ (?’), ending at a point 
nearly op})osite the vent (a). 
Prof. Grecf flnds that the vas- 
cular system of Ecliiurus con- 
sists of two main vessels, %, c., 
a dorsal and a ventral vessel ; 
the former extending along the 
alimentary canal, and sending 
a branch to the proboscis, where 
it divides into two branches, 
each uniting with the ventral 
vessel. The blood is pale yel- 
lowish, with corpuscles. The 


blood-system of the Gephyrea, then, is homologous with 
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that of tlie Annulata. There is in Phascolosoma no true 
ovary, but the eggs float in masses in the capacious body- 
cavity, the animal being a hermaphrodite. 

Flioronis is from the highly (leveloj)e(l crown of long, 
slender tentacles, and its complicated blood-system, remark- 
ably like the SerjmlWy with which Annelids it is by sonic 
authors associated. The alimentary tube, however, is like 
that of Phascolomnidy the intestine folded and ending next 
to the mouth. ]So nervous system has been deieeled. A 
jmlsatiiig artery is attached to llie upper side of the long 
oesophagus, and its branches go into the tcnlaelevS from an 
oesophageal ring. Two venous trunks open from the sin- 
uses above and behind the arterial branclies, jind them ])ro- 
ceed downwards, half encircling the (esophagus, till they 
unite in a large vessel on its neural surface. (Dyster.) 
This wmrm is minute, about four millimetres in Icngtli, and 
lives in a tube buried in holes in rocks. It lias a strong re- 
semblance to a Polyzoon, but connects the (Te])]iyrca with 
tile true Annelids. 

In the 8ii)unculu8-like worm Phascolosomdy and in Pho- 
rorm, there is a well-marked metamorphosis, and the larvai 
are somewhat like those of Annelids. The larva of Pha^- 
roloHoma is cylindrical, the head small, with a circle of cilia, 
but there are no arms as in the larva of the Pltoronu, 

The earliest observed stage of PlLoronU'^ is a free-swim- 
ming larva, the liody trans))arent, ciliated, Avitli an umbrella- 
like expansion on the head, covering the region of the mouth, 
while the end of the body is truncated. At this stage it is a 
true Oephalula, like that of Ecliinodei’ms and worms. Af- 
terwanls four projections arise at the end of the body, and 
twelve long, arm-like projections grow out, the larval form 
now being fully attained. In this condition it was de- 
scribed as a mature animal under the name Adinotrocha, 

When the Actinotrocha is about to transform into a Pho- 
ronis the end of the intestine bends uj), opening outward 

* In onr Outlines of Comparative Embryology this ac(V)unt of the 
metamorphosis of Phovonis is by mistake regarded as 'deacriiaive of 
SipuDculus on pp. 157, 158, under De'odopment. The word I^horonia 
on those pages should be substituted for Sipunculus. 
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near the mouth. The umbrella is gradually withdrawn into 
the mouth, so that eventually only a crown of short tooth- 
like projections surrounds the moutli. Finally the whole 
umbrella is swallowed, the arms at the end of the body dis- 
appearing, while the end of the intestine j)rojects far out 
from the body behind the mouUi. By this time the Phoro- 
nts form is clearly indicated, the body being long and slen- 
der and the mouth surrounded by a crown of short tentacles, 
the end of the intestine being entirely withdrawn within the 
body. These changes are rapidly effected. The larva of 
Echiurufi is formed on tlic Annelid type. 

In Phascolosorna emmentarium (Qiiatrefages), the body is 



Pig. 'iH.—BoueUia viridis ; the 

f >robo8ci8 coiled several timee. 
ore end of the proboscis ; s, s', fur- 
row in the proboscis ; i,i, digestive 
citnal ; m, inosenterial threads (only 
shown on the anterior end of the di- 
g;eBtlve canal); organs of excre- 
tion ; c, cloaca ; n, oviduct.— After 
LacaKe-Duthiers ; from Gegenbaur, 


much shorter than in P. GonU 
dll; the worm lives in compara- 
tively deep water (10 to 50 fath- 
oms), in dead, deserted shells, 
building out the aperture by a 
conical tube of sand. In 
cuius (Syrinx) the tentacles are 
fringed or lobed. It does not 
occur in American waters. 

In EcMurus the intestine ends 
at the end of the body, and there 
is a circle of bristles at the pos- 
terior end, "while Bonellia differs 
in liaving an enormous proboscis, 
and only a few bristles near the 
liead. In Bonellia viridis Eol. 
of tlie Mediterranean (Fig. 147), 
the proboscis is deeply forked; 
the intestine is very long, convo- 
luted, and into ilie cloaca empty 
two excretory organs. The ovary 
is a cord-like organ, which in the 
])osterior part of the body is fast- 
ened to the intestine. 

Chwtoderma niiidulum Lov6n 


occurs in 20-40 fathoms off the coast of Europe and 
Northern New England. The body is long, cylindrical, and 
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covered with slender, firm, calcareous spines. It has no 
tentacles, a straight digestive canal, the vent being terminal, 
and two internal gill-sacs, with external lamellate gills. 

Instead of a single nervous cord, as usual in the Gephyrea, 
in Chmtoderma there are two separate nerve-cords, one on 
each side of the body. The Gephyrea were formerly asso- 
ciated with the Echinoderms, but the resemblance is only a 
superficial one. 


Class IX.— GEPHYREA. 

Body long, cylindrical, ,vmoth, or spiny, or provided with hrisiles, not 
segmented; umally a large proboscis, hut none in Phascolosorna ; vent 
either terminal or situated dorsally on the anterior end of the body. A 
true blood-system homologous with that of the Annulata. Bisexual oi‘ 
hermaphroditic ; young of the Annelid type, undergoing a metamorpho- 
sis. (Ch®toderma, Pliascolosoina, Sipunciilus, Bonellia, Eebiurus, and 
Phoronis.) 

Tj(d)oratory Work . — The common Ktar-worm, Phascolosorna, is one 
of the easiest worms to dissect, as it can l>o readily laid open with 
the scissors, and the skin pinned down on the bottom of the dissecting 
trough, when the parts can be readily distinguished, its structure being 
unusually simple. 


Class X. — Axxulata {Leeches, EartJi- 2 uormSy and 
Sea-ivoi'ms), 

General Characters of the Annulata. — This group, rep- 
resented by tlie leeches, earth-worms, and nereids or bristled 
sea-worms, tops the series of the classes of worms, and in 
the highly specialized, regularly segmented bodies, with their 
sense-organs and highly differentiated appendages, stand 
nearer the Crustacea and Insecta than any other class of in- 
vertebrate animals, their internal organization on the whole 
being nearly as complicated. 

Reference to the accompanying diagram (Fig. 148) will 
show the general relation of the organs of an Annelid to the 
body- walls, as compared with corresponding parts, when seen 
in sections of Amphioxiis and a fish. 
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The student, in familiarizing himself with the structure 
and mode of growth of the leech, the common earth-worm 



Pigr. 148 .“Trannverse flection of a worm, of Amphioxns, and a higher vertebrate 
contraate,d. a, eklii ; ft, dermal connective layer; c. muflcleg; d, segmentJil organ ; h, 
arterial, and i, venous blood-vesaol ; g, intestine ; /, notochord.— After Haeckel. 


and the ISTorcis, will obtain a good idea of the essential char- 
acteristics of the entire class. 

Order 1. Ilfrudmea , — In the leech (Fig. 149), Hirudo 
medicinrdis Linn., the type of the first and lower order, the 
body is somewliat flattened and divided into numcrons short, 
indistinctly markiHl segments, not bearing any bristles or 
apjieiiduges. The Jiead is small, with no ap])endagcs, bear- 
ing five pairs of simple eyes, wliile cacli end of the body ter- 
minates in a Slicker. Tlie moutli is armed internally with 
tlin^o pharyngeal teeth arranged in a triradial manner, so 
that the wound made in the flesh of persons to whom the 
leech is applied consists of three short, deep gashes radiating 
from a common centre. The stomach (Fig. 150) is large, 
with large lateral diverticula or lobes, while the intestine is 
small. Tho nervous system consists of a ‘‘brain’’ and ven- 
tral ganglionated cord. 

The vascular system is complicated, consisting of a median 
dorvsal and a ventral vessel, and two lateral vessels ; all these 
anastomose or iuterhraneh, and tlic blood wdiieh courses 
through them is red, hut is said to contain no corpuscles. 

Tho segmental organs, so cliaracteriatie of the Annulata, 
are well developed in the leech, consisting of about seventeen 
pairs of tubes opening at one end at regular intervals on the 
under side of the body, and ending in a noii-ciliated coil 
(Fig. 149, r) in the leech, or in tlie smaller fish-leecli, Olep- 
nine, open into the venous sinus by ciliated, open mouths. 



Fig. 149.— Anatomy of the medidnal leech ; 
opened from below, a, h, buccal sucker : 6, iufra- 
(esophageal trauglion; e, vcniral gan|^lia; </, last 
ganglion ; commisKurcs joining the ganglia ; 

g, g, nerves of sense and locomotion ; t, tesopha- 
gus ; A:, k, k, k, tbn dilatations or ceeca of the stom- 
ucU ■, m, the last of these lobes or eoicu ; p^p, intes- 
tine lyin^, as well as the Htomach, above the ner- 
vous chain ; q. rectum ; r, r, r. segineiital organs : 
fi, pouch ; a:, sheath of *, coupling organ ; right 
epididymis; A, A, A, spermatic cords; B, By B, 
testes ; By matrix; Ey E, ovaries ; Wy end of ovi- 
dnet; V, sucker. 

Fig. 150.— Digestive canal of the same ; a, b, 5, 
by the stomach and its lateral lobes or cceca; d. Cy 
the two large cceca which extend along each side 
of the intestine e; /, rectum.— After Gervais and 
Van Benedcn. 
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The leech is hermaphroditic, while in certain allied, forms 
(Histriobdella, etc.) the sexes are distinct. 

The eggs of leeches are laid in sacs, or, as in Clepsine, the 
ftah-leech, are covered with a transparent fluid substance, 
which hardens and envelops the eggs. The Clepsine re- 
mains over the eggs to protect them until they hatch ; and 
the young, after exclusion, flx themselves to the under side 
of the parent, and are thus borne about until they are fully 
developed and able to ])rovide for themselves (Whitman*). 
The changes in the egg of Clepsine^ after fertilization, are 
very complicated, and have been described by Wliitman. 
The egg subdivides into a bilateral mass of cells called a 
hlastula agastrula, and finally a ^^neiirula” stage, charac- 
terized by the formation of a ^‘primitive band” like that of 
insect embryos. Soon after attaining the latter stage the 
embryo hatches and attaches itself to its parent. The inoutli 
is then formed, the nervous system^ arises from the ecto- 
derm, the segments are indicated, the original number being 
tliirty-three, the segmental organs develop from the meso- 
derm at about the time of hatching, and about six days after 
tlie neurula leaves the egg the eyes become visible. The 
innermost germ-layer (ondoderm) does not arise until eight 
days after hatching, and by this time the digestive tract is 
perfected ; the muscuhir walls of the alimentary canal being 
derived from the mesoderm. 

* Tho Embryology of Clepsine. By C. 0. Whitman. Quarterly 
Journal of Microscopical Science. July, 1878. 

f Whitman states that a morula, as defined by Haeckel, does not 
occur in the developmental history of CUpnne, and he states that when 
the cleavage process of the egg has been carefully studied it has been 
found to result in the production of a bilateral germ or blastula, and 
not a morula. ' A solid sphere of indifferent cells’ is, to say the 
least, a very improbable form, so improbable that its existence may be 
held questionable until established by positive evidence. Tho doubt 
is all the more justifiable, as more careful investigation has in many 
cases already shown that the so-called miUberrt/ stage is not a morula, 
but a blastula or even a gastrula.” (Whitman.) 

J There is originally a pair of ganglia in each of the thirty-three 
segments ; four of these are consolidated into the suboesophageal gan- 
glia, eight in the ganglia of the disk, and four in the terminal ganglia 
of the body. (Whitman.) 
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The early phases in the embryological deyelopment of the 
leech {Clepsine) strongly resemble those of corresponding 
stages in the vertebrates, according to a number of observers. 
The origin of the germ-bands, the presence of the primitive 
streak as well as the mode of cleavage, and the formal, ion of 
the gastrula* and neurula, sliow that, up to a comj)aralively 
late period of embryonic life, some worms (Annulata) and 
the Vertebrates travel along tlie same develojmiental ])ath. 
As observed by Whitman, the neurula of tlie cliick, or of 
the fish, belongs to the same typo as that of Clepume, 
Whether tlie Vertebrates ever descended from tlie worms or 
any other type of Invertebrates or not, it is a matter of fact 
that tliere is an essential unity in organization and mode of 
early development in all the Meiazoa, or three-germ-layered 
animals, and that tlie vertebrates are probably only a very 
highly specialized group of animals, a brancih of the same 
genealogical tree from which have sprung tlie only less 
generalized groups or branches of Molluscdy Annulata, and 
Arthropoda. Certainly the division of tlio animal kingdom 
into Vertebrates and Invertebrates, liowever useful, is essen- 
tially artificial and misleading. Hence it follows that a 
study of the Annulata, as well as other types of worms, must 
prove to be fruitful in valuable results, and lead to what 
may seem startling conclusions. 

Order 2. Annelides. — To this order belong the earth- 
worm and sea-worms. The structure of the common earth- 
worm {Lumhricus terrestrls Linn., Fig. 151) is essentially 
like that of the leech. Externally the body is cylindrical, 
many-jointed, the joints or segments much more distinct 
than in the leech, and internally there are se])ta, or tliin 
muscular partitions, between them. The mouth is small, 
forming an opening on the under side of tlie first segment. 
On, or next to, the twenty-ninth to the thirty-sixth seg- 
ments in LumhricMS terrestris is a fiesh-colored swollen 
portion called the cingulum or clitelluni. 

The earth-worm is able to climb perpendicularly up boards, 

* Professor His admits that the bird passes through a stage compar- 
able with the gastrula of other animals. (Whitman, p. 94.) 
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etc., as well as over the ground, by minute, short, curved 
seta^ or bristles, which are deeply inserted in the muscular 
walls of ilie body, and arranged in four rows along each side 
of the body. The alimentary canal is straight, tlie stomach 
has three j)airs of small lateral blind sacs (cmca), and the 
intestine, which is externally tubular, contains a thick inter- 
nal sac-]ik(5 fold called a iyphlosole. 

The segmental organs are highly convoluted tubes, a j)air 
to cjmh segment of the body, except a few near the head, 
and opening internally with ciliated funnels aiid externally 
in minute j)ores situated along the under side of the body. 
The earth-worm is moncecious (hernuijdiroditic). 

The oviducts open in the fourteenth segment, and the 
seminal ducts {vam deferciLt'ui) in the fifteenth. Between 
the nintli and tenth, and the kmth and eleventh segments 
are the four o])enings of the seminal receiitacles {receptamila 
seminis). Pairing is reci})rocal (see Fig. 151), each worm 
fertilizing the eggs of the otlier ; they pair in Juno and July 
in the night-time. The eggs of the European Luvihricnfi 



Pig. 151 .— Earth-wormf^ pairing. After Curlle. 
n, embryo (blastula) mon ufttir begnuujtalion of 
the yolk ; b, embrj'ofhrthor advnncfd ; o, mouth; 
f, emhryo etill older ; k, primitive streak ; d, 
neurula ; o, its mouth.— After Kowalevsky. 


ruhdlns (Irube are laid 
in dung, a single egg in 
a capsule ; L. agricola 
lays numerous egg-cap- 
sules, each containing 
sometimes as many as 
fifty eggs, thougli only 
three or four live to de- 
velop. The development 
of the earth-worm is like 
that of the leech, the 
germ passing through a 
morula (blastula), gas- 
trula and neurula stage, 
the worm, when hatch- 
ing, resembling the pa- 


rent, except that the body is shorter and with a much less 


number of segments. 


Wliilo the earth-worms are in the main beneficial, from 


their habit of boring in the soil of gardens and ploughed 
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lands, bringing the subsoil to the surface and allowing the 
air to get to the roots of plants, they occasionally injure 
young seedling cabbage, lettuce, beets, etc., drawing ihciii 
during the night into their holes, or iiprot>iing them. 

The next and highest type of AnnxLlata is tlie common 
sea-worm of our coast, Nereis virens Sars. It lives between 
tide-marks in holes in the mud, and can be readily obtained. 
The body, after the head, eyes, tentacles and bristle-bearing 
feet have been carefully studied, can be opened along the 
back by a pair of fine scissors and the dorsal and ventral red 
blood-vessels with their connecting braiuihes observed, as 
well as the alimentary canal and the nervous system. 

The anatomy of this worm has been described by Mr. F. 
M. Turnbull. It is very voracious, thrusting out its ]>liarynx 
and seizing its i)rey with its two large pharyngeal teeth. It 
secretes a viscid fluid lining its hole, up which it moves, 


pushing itself along 
by its bristles and 
ligulae. At night, 
probably during the 
breeding season, 
they leave their 
holes, swimming on 
the surface of the 
water. 

The body consists 
of from one hundred 
to two hundred seg- 
ments. The heail 
consists of two seg- 
ments, the anterior 
and buccal, the for- 
with four eyes 
two pairs of 
The sec- 
ond segment bears 



Pig. 15a. —Vertical section through the Integumert 
of au Annelid {Sphoirod-orum). c, thick tMJticular 
layer with the pore-canals ; w, muscular layer ; m', 
muscles of the bristles, ff, which retract the ceniral 
foo^lol)e, while others pass to Its dorsal glandular 
projection, tf.— After Qegenbaur. 


four antennae (tentacular cirri). Each of the other segments 


bears a pair of paddle-like appendages (rami), whicli may be 
best studied by examining one of the middle segments which 
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has been separated from the others. For the finer structure 
of the body-walls see Fig. 152. 

The alimentary canal consists of a mouth, a pharynx 
armed with two large teeth and much smaller ones. The 
pharynx is entirely everted during the act of taking its food. 
Into the (esophagus empty two large salivary glands ; the 
remainder of the alimentary canal is straight and tubular. 
The circulatory system is very complicated ; it is closed and 
the blood is red. Botli the dorsal and ventral vessels are 
contractile, the blood flowing forward in the dorsal vessel, 
and backward in the ventral vessel. The two small vessels, 
one on each side, in each segment of the body, branch off 
from the ventral vessel and subdivide, each sending a branch 
to the ventral ramus of the foot of the segment behind, and 
another larger branch around the intestine to the dorsal ves- 
sel, receiving also, on its way, a vessel from the upper ramus 
of the foot of its own segment. Besides these principal 
lateral vessels, there are five other vessels on each side 
in each segment, coming from the ventral vessel. These 
form a loose but regular net-work that surrounds the in- 
testine and is connected with five other convoluted vessels, 
which join the dorsal vessel. This net-work on the intestine 
probably supplies the hepatic organ with material for its 
secretion, and very likely may receive nutritive material from 
the digested food.” (Turnbull.) 

The blood is aerated in the finer vessels of the oar-like feet 
and in those situated about the alimentary canal. The 
nervous system consists of the brain” and ventral double 
ganglionated cord. 

The sexes of Nereis vire^is are separate ; the eggs during 
the breeding season fill the body-cavity, and pass out through 
certain of the segmental organs, which act as oviducts, while 
others, probably the more anterior ones, are excretory, like 
the kidneys of vertebrates, as urea has been detected in them. 
These organs are situated at the base of the lower ramus of 
each foot. In some species of the Capitellidce Eisig has found 
that it is normal for several segmental organs to be present 
in a single segment. 

While the mode of development of our Nereis has not 
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been studied, the eggs are probably laid in masses between 
tide-marks, and the young, when hatched, swim freely on 
the surface of the sea. The eggs of other worms arc can-ied 
about in lateral pouches. The germ undergoes a cleavage 
phase and a gastrula stage. We have observed, in Salem 
harbor, the development of Polydora (probably P. ciliatum 
Clap. ) which may be found in August, in all stages, on the 



Fig. earliest observed stage of P0lydor<i\ J?, Cephalula stage ; C and Z>, 

later stages.— Author del. 


surface of the water. When first observed (Fig. 153, A ) the 
body was spherical, with a short, broad intestine, and two 
sets of large locomotive bristles. It tlien passed into the 
cephalula state, the head clearly indicated and forming a 
large hood. This stage is seen at B, which represents the 
under side of the cephalula, the mouth being situated be- 
tween the two large ciliated flaps (like the velum of larval 
mollusks) of the hood ; the body is now segmented, with a 
third set of bristles and a band of cilia on the penultimate 
segment ; afterwards as at C, dorsal view, additional rings 
are present ; the eyes are distinguishable, and there are two 
more sets of bristles. The new segments are, as usual in all 


articulateg, interpolated between the penultimate and ter- 
minal segments of the body. At the body is many- 
jointed, the tentacles well developed, the large temporary 
bristles have been discarded, and the worm can be identified 
as a young Polydora. 

It is probable that Polydora is hatched as a trocliosphere 
like that of Polyzoa, Bracliiopoda and certain mollusks. 
The young Terehrellides Stroemii, and of Lumhriconereis, 
are at first trochospheres, e., the free-swimming 
germ is spherical, with a zone of cilia, two eye- 
spots, and no bristles. Thus the earliest stages of 
Polyzoa, Brachiopoda, LameJlihranchiata, Gastro- 
poda, and even of a Oephalopod (Fig. 220), Nemer- 
tina, and Annclides are almost identical. Farther 
along in their developmental history, the cepha- 
aflBbf Annclides (Fig. 153, A, By and 155), 

is like tliat of certain Echinoderms (Fig. 155), 
Gephyrea, Polyzoa, Brachiopoda, and Mollusca, It may 
liere })e observed tliat the free-swimming larvse of these types 
of invertebrate animals are the young of more or less seden- 



Fig. 154.- 
Larva of 



Fig. 155.— Cephalula stage of Echinoderms and Worms, lateral view. A, Holo- 
tlmriun, B, Star-fish, /), of Annelides, 

0 , mouth ; i, stomach ; a, vent ; r, praeoral ciliated band, In B, C, D, independent ; 
in A surrounding an oral region.— From Gegenbaor. 


tary parents. In this way the species becomes widely dis- 
tributed through the action of the marine currents, and too 
close in-and-in breeding is prevented. 

Certain Annelides sometimes multiply by self -division, the 
process being called strobilation. This is commonly observed 
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in the fresh-water worm Nais^ also in Syllis and Myrianiday 
as well as in Filograna^ Protida, etc. Autolytus, a eoni- 
mon worm on the coast of New England, produces one gen- 
eration by budding (parthenogenesis). There is, in fact, an 
alternation of generations, an asexual Autolytns, giving 



Fifi. i56.— ClytnensUa f/yrgiiata.-- After YerrUl. 

'157.-—Amphilrife cirrata, enlarged twice, ft, branchia ; <?, uncini, enlarged 600 
diameters. ~AAer Maimgreii. 


rise to a brood of males and females, the sexual and asexual 
forms being so unlike each other as to have been mistaken 
for different species and even genera. 

In Syllis and allies certain long, slender processes of the 
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feet are jointed, thus anticipating the jointed appendages of 
the Crustacea and Insects. 

The Annelides are divided into two suborders. The first 
suborder, OligoclKetd, comprises LuMbficus, Nais^ etc., while 
the second suborder, embraces Syllis, AuiolytuSy 

Nereisy Polydora, Aphrodite, and Polynoe, which are free- 
swimming, while the tubiculous worms which respire by spc- 



Pio. 158. Fia. 159. 


Fig. ^^.— Cis^fn^des Govldii^ and Its tube.— After Verrill. 
Fig. 159.— elegam, enlarged.— After Verrill. 


cial brancliiaa, or gills, on the head, live in tubes of sand or 
in limestone shells. Those which live in sand or mud-tubes 
are Cirrafulns (Fig. 160), Clymenemd Clymenella (Fig. 156), 
which has no branchiae, Amphitrite (Fig. 157), Terehrellay 
Cistenides (Fig, 158), Sabella, and Euchone- (Fig. 159), 
while Profula, Filogranay Serptila and SpirorUs secrete 
more or less coiled limestone tubes. The large solid shells 
of iho Serpulss assist materially in building up coral reefs. 
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especially on the coast of Brazil. The minute nautilus-like 
shells of Spirorbis live attached to the fronds of sea-weeds, 
especially the different kinds of Fucus. 



Fig. 160. — CirrcUulus grandls.—\t\.cx Verrill. 


Many sea-worms are highly phosphorescent, the light emit- 
ted being intensely green. The triicks of worms like the 
Nereis of to-day occur in the lower Silurian slates ; their 
bristles, however, were spinulose, as in the larv^al worms. 
Thus the type, though highly specialized, has, unlike most 
specialized groups, a high antiquity, the specialized Anne- 
lides existing side by side with the generalized Polyzoa and 
Brachiopoda. At the present time the Annelides are widely 
distributed in the seas of the globe, the tropical forms being 
exceedingly abundant among coral stocks and in sponges, 
while the arctic seas abound with Annelid life. They also 
sparingly exist at great depths, one species of a worm allied 
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to Clymme, having been dredged by the Challenger ExpedU 
tion at the enormous depth of over three miles (about 5000 
metres). 


Class X.—ANNULATA. 

Body long, W^UraUy symmetrical, cylindrical, consisting of numerous 
segments, either unarmed, or more usually provided with sette alone or with 
setat and paddle like appendages i;rami). Head simple, with a few simple 
eyes, or prodded with te ntacles{ant6n nee) alone , or with te n tacks and bran- 
chiee. A neversihle pharynx, armed with teeth, usually present. Alimentary 
system sir aiy hi, the tabular stomach sometimes sarrulakd ; vent always 
situated in the last segment of the body. Nervous systtj/i well develoj)(d^ 
consisting of a brain and tentnd gnnglionated cord, ('irculatory system 
closed, with a dorsal and ventral and lateral vessels connected by anasto- 
mosing branches in nearly each segment. A system of numerous paired 
segmental organs. Sexes united or separate. Embryo passing through 
a ekavoffe stage {morula orblasiula), gastruLa, sometimes a neurvla stage, 
and after hatching, development is either direct oi there is a marked met- 
amorphosis, (he larva piassing through a troehosphere and cephalula 
stage. 

Order 1. Hirudine.a . — Body unarmed, finely segmented ; with a pos- 
terior sucker. (Hlrudo, Nopbelis.) 

Order 2. Suborder 1. 0%(9c7w^a fliumbricus, Nais). Sub- 

order 2. — (jhiHopoda (Arenicola, Syllis, Autolytus, Aphro- 
dite, Polynoe, Ampbitriie, Terebrella, Sabella, Serpula, 
Spirorbis), 


Tabui.ah View of the Classes of Worms (Vermes). 
Annulata, 


Enteropneusta. 

TunxcMa. 


Brachiopoda. 

I Polyzon, 


Oephyrea. 


Nemertina. 


i 


Rotatoria. 

_ _ I 

Nematclmin thes. 

[ Plalyhelminthes. 


VbHM«8. 
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LaboTiUory fTorA:.— Worms should be dissected at ouce after be- 
inf? killed by ether or in aicohol. before the circulation has ceased ; 
and transverse sections made to observe the relation of the appendages 
to the body-walls, and of the different systems within the body-walls. 
The worms should also be hardened in alcohol, and thin sections 
stained with carmine be made for histological study. A portion of the 
worm can be put in paraffine and sliccid by hand with the razor or by 
the microtome. 



Amphitrite omuta 



CHAPTER VI. 

BRANCH VI.— MOLLUSCA. 

General Characters of Molliisks. — The characters which 
separate this branch from the others, especially the Vermes 
are much less trenchant than those peculiar to other groups 
of the same rank, and indeed the author only retains the 
Mollusks as a special branch in deference to the general 
usage of zoologists, believing that the Mollusca are probably 
only a highly specialized group of Vermes, where they were 
originally placed by Linnaeus, and bearing much the same 
relation to the true worms as do the Rotatoria, the Turn- 
cata, the Brachiopoda, etc. It will be seen from the fol- 
lowing account of the mollusks, that they travel along, appar- 
ently, the same developmental road as the genuine worms, 
and‘then suddenly diverge, and the divergence is not an ad- 
vance in a parallel direction, but if anything the road turns 
bach, or, to change the simile, the branch of the genea- 
logical tree bends downwards. It is, and always has been, 
extremely difficult to define the Mollusca, their original 
bilateral symmetry being partially effaced in most of the 
Ottsivopodd and in some Lamcllibranchs, i, c., in those 
(Gastropods with a spirally-twisted shell like the snail, or in 
fixed bivalve forms like the oyster, etc. The Mollusca are 
usually defined as animals with laterally symmetrical, un- 
jointed bodices protected by a shell, with a foot or creeping 
disk, and usually with lamellate gills, which are folds of the 
mantle or body-walls. The special organs characterizing 
the Mollusks are the foot and, in nearly all except Tjamel- 
libranchs, the odontophore ; but the foot of a snail is simply 
a modification of the under lip, and in reality in many forms 
but a specialized ventral surface, as is that of certain non- 
segmented worms, like the Plauarians and Nemerteans ; while 
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the odontophore or lingual ribbon, often ifcsent, is appar- 
ently a modification of the pharyngeal teeth of Annelides, 
Mollusks in general have a heart consisting of a ventricle 
and one or two auricles, and in this respect they are more 
like the Vertebrates than other invertebrated animals ; the 
highly developed eye of the squids and their imperfect car- 
tilaginous brain-box are also special characters analogous to 
the eye and brain-box of Vertebrates. Still these features 
are not homologous with the corresponding parts in the 
Vertebrates, and we have already seen that the Ttmicaia, 
and even the Annelides, are much more closely allied to the 
Vertehrata than are the Mollusks, which should, perhaps, 
be interpolated between the Brachiopods and Tunicates. 
The affinities of the Mollusks are, then, decidedly with the 
worms, rather than with the Vertebrates. 

That the Mollusca are a highly specialized and compara- 
tively modern group is shown by the fact that they began 
to abound after the Brachiopods had had their day in the 
Silurian seas, and had begun to decay and die out as a t 3 rpo ; 
the shelled Mollusca supplanted the shelled Vermes or Brachi- 
opods. For the upper Silurian period, and those later, the 
Mollusks prove useful as geological time-marks, especially in 
the Cainozoic period, and so much so that Lyell based his 
divisions of Tertiary time mainly on the shells which abound 
in Tertiary strata. 

Although morphologically the shell of a Mollusk is not 
the most important feature of the animal, it is very charac- 
teristic of them and of great use in distinguishing the species 
of existing, but more especially of fossil, forms ; still it is 
liable to great variation, and mollusks of quite diflerent 
families, and even orders, sometimes have shells much alike, 
so that the characters of shells, like many of those drawn 
from the peripheral parts of the body, are liable oftentimes 
to mislead the student. That the Mollusca are a highly 
specialized group is also seen by the enormous number of 
existing species, and their wide geographical and bathymet- 
rical range. There are about 20,000 living and 19,000 
fossil species known, and the group ranks next to the 
winged insects, also a comparatively recent and highly 
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specializ0d group, in the number of species and indi* 
yiduals. 


CLASS L — Lambllibrakchiata {Acephala, Bivalves), 

Oeneral Charaotora of IjamelUbranoliB. — This group is 
represented by the oyster, clam, mussel, quohog, scallop, 
etc. By a study of the common clam {Mya arenaria Linn. ) 
one can obtain a fair idea of the anatomy of the entire class, 
as it is a homogeneous and well-circumscribed group. The 
clam is entirely protected by a pair of solid limestone shells, 
connected by a hinge, consisting of a large tooth (in most 
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the sandy bottom of the water, when the mussel is plough 

ing its way through the B 

sand with its tongue- 

shaped foot, which is a 

muscular organ attach- h — ;; — M 

ed to the visceral mass, 

and is a modification i 

of the under lip of the | \ 

larval mollusk. In the \\^ jj 

foot is an orifice for 

the passage in and out 

of water, but the spurt- 

ing of water from the 

clam’s hole, observed j 1 'A 

in walking over the / / \ \ 

flatsjis the stream eject- / / \ 

ed from the siphon. / \ 

The inflowing currents / \ 

of water pass from the / \ 

inner end of the mus- v ^7 

cular siphon below the \ 

lenticular visceral mass ^ \ 

to the mouth, which is 1 

situated at the anterior j \ 

end of the shell, op])o- X \ 

site the siphon. The ((\/ ^ Xm 

opening is simple, un- I jf \ jj \ 

armed, without lips, l\ 

and often difficult to \\ \\ ' \ )l I 

detoct. On each side U “A Al Id ‘ 

of the mouth is a pair ^ j! J 1 1 III 

of flat, narrow-})oint,ed A //^ 

appendages call(‘d ])al- y ^ jJ 

^ , d'gCSti\C Ca FIff, 161.— X, Mya arenarin wWh ifw niphonH ox- 

nal passes throiimi a tended; in its nataral pof»itlen in the mod head 
^ end downwards ; B, transver*© Heetion of the J»ho]I, 

ClarJC rounded mass, ehowlnir the poaiUnn of the 8]>rin(? opening the 
... * ahell; jV. adductor muKTle ; f be Iluament reprenent- 

mOStly consisting of ed by dark mum ; C. >»ection of I’nio, ahowjriflr the 
.1 J position of the aprinjz to open the eheJl ; L. llipi 

the liver, covered ex- ment ;/>, ideal tran“verf<c HOCtion of Unio; /, infos 
tine; F, foot: V, vontriclo ; A, aarlcle : G, &ni» : 

t-Cnially by the ovanan muntle; »hell.— After Morae, 
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masses. There is no pharynx armed with teeth as in the 
Cephalophora and Gephalopoday but the oesophagus leads to 
a tubular stomach and intestine, the latter loosely coiled sey- 
eral times and then passing straight backwards along the dor- 
sal side under the hinge and directly through the ventricle of 
the heart, ending posteriorly opposite the excurrent division 



of the siphon. Tli rough the visceral mass passes a curious 
slender cartilaginous rod, whose use is unknown, unless it bo 
to support the voluminous viscera. The gills or branchiae are 
four large, broad, leuf-liko folds of the mantle, two on a side, 
hanging down and covering each side of the visceral mass 
(h'ig. IGl, D, g). The heart (Fig. 163) is contained in a deli- 
cate sae, called the pericardium, and is situ-» 
ated imniediah'iy under the hinge ; it consists 
of a ventricle and two auricles ; the former is 
CJisily recognized by the passage through it of 
the intestine (Fig. 161, I), v), usually colored 
dark, and hv its pulsations. The two wing- 
like auricles are broad, somewhat trapezoidal 
in form. Just behind the ventricle is the so- 
called ‘^aortic bnlb.” The arterial system is 
fjTiitc complicated, as is the system of venous sinuses, which 
can be best studied in carefully injected specimens. At the 
base of the gills, however, is the pair of large collective 
branchial veins. The kidney, or organ of Bojanus,” is a 
large dusky glandular mass (Fig. 164, 4) lying below but next 



Ffg. m- 
tbe cUm. V, 


-Heart 
of the ciam. 
ventricle; A, au- 
ricleB ; base of 
ffillB. — After 
Mor«e. 
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to the heart ; one end is secretory, lamellar and glandular, 
communicating with the pericardial cavity, while the other 
is excretory and opens into the cavity of the gilL The 
nervous system can be, with care and patience, worked oat 
in the clam or fresh-water mussel. In the clam ( ifya arena- 



Plff. 164,--Circulatoi7 system of Anodonta, a fresh water mnssel, after Bojarms. 
1, ventricle ; 2, arterial system • 14 and 15, veins which follow the border of the 
mantle. The veins lead the blood in part directly towards the organ 4, which is the 
kidney or “organ of Bojanus,” and in part to the venous sinus of the upper surface 
of this organ ; 5, veins which carry back the blood from the gills, the rest going to 
the sinus, 6, where arise the branchial arteries ; 7, 8, the branchial veins, and 9, the 
gill.— From Gervais et Van Beneden. 

ria, Fig. 1G5) it consists of three pairs of small ganglia, 
one above (the brain’') and one below the cesopliagus (the 
pedal ganglia) connected by a commissure, thus forming an 
oesophageal ring ; and at the middle of tlie mantle, near the 
base of the gills, is a third pair of ganglia (parieto-splanch- 
nic), from which nerves are sent to the gills and to each 
division of the siphon. This last pair of ganglia can be 
usually found with ease, without dissection, especially after 
the clam has been hardened in alcohol. The ear of the clam 
is situated in the so-called foot ; it bears tlie name of otocyd 
(Fig. 166, i), and is connected with a nerve sent of! from tlie 
pedal ganglion. It is a little white body found by laying 
open the fleshy foot through the middle. Microscopic ex- 
amination shows that it is a sac lined by an epithelium, rest- 
ing on a thin nervous layer supported by an external coat of 
connective tissue. From the epithelium spring long hairs ; 
the sac contains fluid and a large otolith. The structure of 
this octocyst may be considered typical for Invertebrates. 
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The ovaries or testes, as the sex of the clam may be, are 
bilaterally symmetrical, blended with the wall of the visce- 
ral or liver-mass, and are yellowish. The genital openings 



ai-e j)aired and lie near the base of the foot. Both eggs and 
semen arise from the epithelium of the sexual glands. The 
eggs pass out into the body-cavity, or accumulate between the 
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gills, where the embryos in 
Impregnation probably tat 



A- 


Fig. Hit}.— Pedal frnnclia and oto- 
oyBt'* (eats) of the clam, magnified 10 
diaineteiH. </, wdal ganglia; e, pedal 
commissures: y, line of union of gan- 
glia ; g, ncrvo from cominiasure to 
muscles of loot ; A, auditory nerve ; i, 
otocyst ; A, nerves from ganglia to 
tiie pt;dal musclea,— Drawn l)>' W. BL. 
Brooks. 

Tlie above (ieiiori]>fdoii wi 


some species partially develop, 
es ])lace within the branchhil 
chamber, the spermatozoa bein^ 
swept in with the rospiraiovy 
current, and coming in cowtact 
with the eggs as they are dis- 
charged. 

An excellent general \ie\v of 
I lie relation of ]>arts io the 
])()dy -walls and sliell may be 
seen by hardening a el am, or 
better a fresh - water nmsst'l, 
(see Fig. IGl, />) in tileo- 
hol, and then making trans- 
verse sections. A setitioii can 
be fioakMl off in watru* and ex- 
amined with a lens. The i)or- 
fect ])ilaU‘ral symmetj} of ])arts 
\ ill thus be seen. 

1 niswer for the luajoritv of hir 
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mia the shell is inequilateral, one, usually the lower, being 
fixed to some object, and the intestine does not pass through 
the ventricle ; in Area the ventricle is double. In Luctna 
and CorMs tliere is but one gill on each side, and in Pecten, 
Spondylus and Trigonia the gills are reduced to comb-like 



PIcf, eduVu, common museol. a, mantle ; b, foot: c, bysBUS ; dfjmd 

muHcU'ti retructing the foot ; month ; o, palpi ; visceral maas • I, inner gill ; 
outer gill.— From llrehm’a “ Thierleben." 

processes. There are usually no eyes present ; in the scallop 
(Pecten), however, there is a row of bright shining eyes 
with tentacles along the edge of the mantle, and contrary 
to the habits of most bivalves, the scallop can skip over the 
surface of the water by violently opening and shutting its 
shell. Trigonia is also caimble of leaping a short distance ; 
while Lima (Fig. 167) is an active flyer or leaper. Ostrea and 
Cyclas are dioecious, while many mollusks are monoecious or 
hermaphroditic. The foot varies much in form, in the 
mussel (Mytilus, Figs. 168, !<!!>), Pinna, Vyehcardia (Car- 
dita) (Fig. 170), and the pearl-oyster it is finger-shaped and 
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grooved, with a gland for secreting a bundle of threads, the 
hyssus, by means of which it is anchored to the bottom. 



Pig. 169. Fro. 170 , 


Fig. 169 .— iWy/iZw# common mnesel, with its fringe expanded, and anchored 

by its byssiis.— After Morse. 

Fig. VlO.—Cyclocaj'dia novanglidb^ natural size,— After Morse, 

The foot in tlie qiiohog (Fig. 171 .1, IV// /ts* 

Mulinia (171 B) and Clidwjjhora (Fig. 172) is large, tliese 


A 



Fig. 171 A.— IVnu# mercenaria, quohog, natural «jj50, with the foot and Hiphons. 
Fig. 171 B.—Macira {MiUinia} {(Mralis, natural size.— After Vcrrill, 


mollusks being very active in their movements. In Glyn- 
meris (Fig. 173) the fringe is toothless, much m in the 
oyster. In Mactra (Fig. 174) the middle tooth is large, the 
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corresponding cavity large and triangular. In Saxioava and 
Panopm (Fig. 175), the pallial line is represented by a 

row of dots. In Macoma (Fig. 
176) the siphons are very long. 

Litliodomus, the date shell, 
one of the mussels, bores into 
corals, oyster shells, etc. ; the 
common Saxicava excavates 
in mud and soft lime- 
stone, as does Gasti'achmia, 
Pholas and FeirmAa. Many boring liamellibranchs are 
said to be luminous. 




Fig. 173.— O/ydr/k’m (tUU/m, natural size.— After Morse. 


A Yory aberrant form of bivalve mollusk is Chtracjella, in 
which the shell is oblong, with Hat valves, tlie left cemented 
to the sides of a dee|> burrow. The tul>e is cyliTidrical, 
fringed a])ovo and eiuling b(*low in a disk, wdth a minute 
central fissure, and bordeied with branching tubules. In 
AspvrgiUvrn, the watering-pot shell, the small bivalve shell 
is cemented io the lower end of a long shelly tube, closed 
below by a perforated disk like the rose’^ of a watering- 
pot. 

The most abernmt Lamellibranch is the ship-worm, Teredo 
navalis Linn. (Fig. 179). This species is now cosmopolitan, 
and everywhere attacks the hulls of ships and the piles of 
wharves. It is one of the most destructive to human inter- 
ests of all animals. The body is from one to two feet long, 
slender, fleshy; it lives in a burrow lined with limestone, 
while the shell itself is gk»bular, and lodged at the farther 
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end of the tube or hurrow. The mantle lobes of tW, ivwb 
mal are united, -with a minute openin" for the fool, which Is 
small, sucker-like. The heart is not pierceil hy the intes- 



Fig. 175,— Pancywca arctica^ natural Bize.— After Morse, 


cause an irritation to the tissues of tlie mantle and the for- 
mation of a nacreous slielly matter around the nucleus. 
Excellent pearls are sometimes found in fresh-water mussels, 
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but tho purest occur in the pearl oyster, Meleagrim marga- 
ritifera (Linn.), which occurs at Madagascar, Ceylon, the 
Persian Gulf, and at Panama. The largest pearl known 
measures two inches long, four round, and weighs 1800 
grains. All bivalves pass through a nietainorphosis after 



birth. The development of the 
oyster is a t} 7 )e of that of most La- 
mellibranchs. 

A single oyster may lay about 
2,000,000 eggs ; tliey are yellow, and 
after leaving the ovary are for the 
most part retained among the gills. 
In Europe the oyster spawms from 


June till September; during their growdh the eggs arc en- 


closed in a creamy slime, growing darker as the spat” or 


young oyster develops. 

The course of development is thus : after the segmenta- 
tion of tlic yolk (morula stage), the embryo divides into a 
clear 2 )eri])heral layer (ectoderm), and an opaque inner layer 
containing tiio yolk and representing tho inner germinal 
layer (endoderm). A few filaments or large cilia arise on 
what is to form the velum of the future head. The shell 


then begins to appear at what is destined to be the posterior 
end of the germ, and before tho digestive cavity arises. The 
digestive cavity is next formed (gastrula stage), and the anus 
aj)pears just behind the mouth, the alimentary canal being 
bent at riglit angles. Meanwhile the shell has grown enough 
to cover half the embryo, w^hich is now in tho ‘‘ Veliger” 
stage, tho “velum” being composed of two ciliated lobes in 
front of the mouth-opening, and comparable with that of 
the gastropod larvae. The young oyster, as figured by Salen- 
sky, is directly comparable with tho Yeliger of the Cardium 
(Fig. 177). Soon the shell covers tho entire larva, only the 
ciliated velum projecting out of an anterior end from be- 
tween the shells. In this stage the larval oyster leaves the 
mother and swims around in tho w^ater. According to 
Brooks the American oyster becomes free-swimming lan^a 
in six hours after the egg is fertilized. At a later jKiriod it 
becomes fastened to some rock. The ovster is said to be 
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three years in attaining its full gro^vth, but is able l,o })ropa- 
gate at the end of the first yean 

The development of the cockle {Carditvm pygmmtm), is 
better known. After passing through a morula and gastrula 
stage, the embrj'o becomes ciliated on its upper surface and 
already rotates in the shell. On one side of the oval em- 
bryo is an opening or fissure, on the edges of which arise two 
tubercles which eventually become the two ‘‘ sails” of the 
velum. The next step is the differentiation of the body 
into head and hind body, an oral (cephalic) and postoral 
region. Out of the middle of the head grows a single very 
large cilium, the so-called fiagellum (Fig. 177 A, fi ; 



Tis. 177.— The develc^ient of the cockle ehcll (Cardtnm). A. the trochopphere ; 
V, ciliated crown ; Jl, flagellum. It, Veliger Blage, with the phell developing ; v, 
velum ; m, mouth ; li, liver lobes ; (., stomach ; i, intestine ; mi, mantle ; /, foot ; 
ml, muscle ; n, nervous gauglion.— After I>ov6n. 

velum). The shell {B, sh) and mantle {mt ; ml, muscle) 
now begin to form. From the inner yolk-mass arc developed 
the stomach, the two liver lobes (It) on each side of the 
stomach (/), and the intestine (^). The mouth (m), which 
is richly ciliated, lies behind the velum, the alimentary canal 
is bent nearly at right aiigles, and the anus opens behind and 
near the mouth. The velum (Fig. 177 B, v) really consti- 
tutes the upper lip, while a tongue-like projection {B, f) be- 
hind the mouth is the under lip, and is destined to form the 
large unpaired ^‘foot,” so characteristic of the mollusks. 
The shell arises as a cup-shaped organ in both bivalves and 
univalves, but the hinge and separate valves are indicated 
very early in the Lamellibranchs. At the stage represented 
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by Fig. 177 1^, tbo stomach is divided into an anterior and 
posterior (pyloric) portion. The liver forms on each side of 
the stomach an oval fold, and communicates by a large open- 
ing with its cavity ; while the intestine elongates and makes 
more of a bend. The organ of hearing then arises, and be- 
hind it the provisional eyes, each appearing as a vesicle with 
dark pigment corpuscles arranged around a refractive body. 
The nerve-ganglion (n) aj)pears above the stomach. The 
two ciliated gill-lobes now api»ear, and the number of lobes 
increases gradually to three or four. The foot grows larger, 
and the organ of Bojanus, or kidney, becomes visible. The 
shell now hardens ; the mouth advances, the velum is with- 
drawn from the under side to the anterior end of the shell. 
In this condition the Veliger remains for a long time, its long 
flagellum still attac'hed, and used in swimming even after the 
foot has become a creeping organ. Latest of all appears the 
lieart, with the blood-vessels. 

lT])on throwing olT tljo Veliger condition, the volnm con- 
tracts, splits up and Loven thinks it ])eeomes reduced to tlie 
two pairs of palpi, which are situat(‘d on each side of the 
mouth of tlie mature Larnellibraneh. The provisional eyes 
disu{)i)ear, and the eyes of the adult arise on the edge of the 
mantle. 

In the fresh-water mussels (Ufiio) the developmental his- 
tory is more condensed. The velum of the embryo is want- 


ing or exists in a very rudimentary state. The mantle and 
shell are develoj>ed very early. The 



ng. ITS.—Yonnp Vnio. 
—After Morec. 


young live within tlie parent fastened to 
each otlier by ilieir byssus. The shell 
(Fig. 178) ditTors remarkably from that of 
tlie adult, being broader than long, trian- 
gular, the apex or outer edge of the shell 
liooked, wliile from different points within 
])roject a few large, long spines. So dif- 


ferent arc these young from the parent that they were sup- 


posed to bo jiarasites, and wore described under the name of 


Glochiditim parasificum. They are found in the parent 


mussel during July and August. 

The ship-worm ( Tmdo navalis Linn. Fig. 179) after the 
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Pic. 179,— The Ship worm. eiphon» ; p, pallets ; r, collar ; /f, shell ; /, foot,— 
After Verrill. 


and a half old the germ appears as in Fig. 178, B, tlie shell 
almost covering the larva. Soon after this the v(‘liim 
becomes larger, and then decreases, the gills arise, the audi- 
tory sacs develop, the foot grows, though not reaching to the 
edge of the shell, and the larva can still swim about free in 


the water. When of the 
size of a grain of millet, 
it becomes spherical, as 
in Fig. 180, C, brown 
and opaque. The long 
and slender foot projects 
far out of the shell, and 
the velum assumes the 
form of a swollen ring on 
which is a double crown 
of cilia. The cars and 
eyes develop more, and 
the animal alternately 
swims with its velum, or 



PIsr. 180.— Development of the 
A, egg, with the yolk once divided ; B, the 
vellg^er cnclCMicd by the bivalve Bbellti ; C, ad- 
vanced veliger with the large foot (/) and velum 
After t^oatrefageB. 


wsdks by means of the foot. At this stage Quatre- 
fages thinks it seeks the piles of wharves and floating 
wood, into which it bores and completes its metamor- 
phosis. On the coast of New England the ship-worm 
lays eggs in May and probably through the summer. 
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Indeed most molliisks spawn in the summer. Species of 
Kellia, iUihommn, and Montacuta are viviparous. 

Some ])i val vcs get their growtli in a single year. The fresh- 
water muselos live from ten to twelve years and perhaj)s 
longer ; while Tridaoia (jigautea probably lives from sixty 
years to a century. Of about 14,000 known species of 
Lamellibranel)S, from 8000 to 0000 are fossil. 


CuAss L— LAMELLlBUANfUIIATA. 

BilMeralhi aymmetncal moUnskn, with two valves lined hy (he mantle, , con- 
nected by a dorsal hlnye and ligament ; no head ; mouth unarmed, with 
two pairs (if labial palpi ; intestine coiled in the visceral mass, vsu(dly 
passing ihroogh the vc utricle, and alicays ending at the posterior, usually 
dphondicaring, end (f the body. Foot small, sometimes nearly wanting, 
never used as a ereepi ng disk. Usually two pairs (f large leaf -like gills on 
each side (f the visirral mas.n. Sexes usually in separate individuuU, 
Embryo passing through a so-called morula, gasirula, ami free-swimming 
veliger condition. 

Order 1. Asiphonia. — Body-wall or mantle without siphons. Shell 
8oin(‘tiiii<‘H iiK'qiiivalve. (Ostn^a, Anomia, Pecton, Melea- 
grina, My til us, xVrea, Trigonia, Unio, and Anodonta.) 

Order 2, Siphoniafa . — Siphons preseuit. Slull equivalvo. (Chama 
Tridacna, (’ardiuin, Venus, Mactra, Tellina, Solen, Clava- 
gella, Aspergillum.) 

Laboratory TlhH’. — la dissticting the clam, etc., the work should be 
performed under water, in a dissecting trough. One shell should be 
removed by cutting the adductor by a pointed scalpel, the mantle dis- 
sected off and thrown aside, so as to expose the gills, heart, and kid- 
neys. In dissecting the nervous system it is well to introduce a probe 
into the mouth, and then cut down towards it from above, when the 
white supracesophageal ganglia or “brain” will be found, and the 
other ganglia can th(‘nce be traced by the commissures leading from the 
“ brain.” To find the j^edal gangliaand otocyst, cut the ffx>t vertically 
in two. Tlie heart can be readily found, and the large vein at the base 
of tlie gills, but the arterial and venous systems can only well bo 
studied after making careful injections. For ordinary or even quite 
fine injections, Sabatier used a mixture of lard and turpentine, some- 
times adding a little suet or wax to thicken the paste, which was 
colored chrome yellow, vermilion, or blue. For histological exami- 
nation he used essence of turpentine, colored as before, or gelatine 
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colored by carmmate oi ammonia, or Prusaian blue dissolved in oxalic 
acid, or the precipitate of chromate of lead, or he even ii^ected air 
into the vascular cavities. The mollusk should, before injection, be 
allowed to slowly die for several days, and the fluids to leave the body. 
The injection should be made before decomposition basset in, otherwise 
the vessels will burst. Some anatomists plunge mollusks into water 
to which has been added alcohol and chlorhydric acid. After remaining 
in this fluid for a day or two they can be injected. The arterial system 
can best be injected by the aortic bulb, or aorta : the venous system 
may be filled from the foot through the aquiferous orifice, by the 
adductor muscle, or by any of the large veins. After injection the 
animal should be plunged into cold water to hasten solidification and 
then placed permanently in alcohol. 


Class II. — (^epiiai.oimiora (W/ieU's, rfr.). 

General Characters of Cephalophoros. — Wo now come to 
MoUusca with a liead, distingninhablo from the rest of tho 
body, bearing eyes and iontaeles ; but the bilateral symmetry 
of the body, so well marked in the Acephahu etc., is now 
in part lost, the animal living in a spiral sliell ; still the foot 
and head arc alike on botli sides of the body ; while the 
foot forms a large ere{‘})ing fiat disk by which t he snail glides 
over the surface. Moreover, these mollusks have, besides 
two ])baryngeal teetli, a lingual rihl>on or odontophore. In 
a shelless land-snail {Onchidium) fSemper has discovered the 
existence of dorsal eyes, constructed, as be claims, on the 
Vertebrate type. They are in the form of little black dots 
scattered over the hack of tlie creature, and their nerves 
arise from the visceral ganglion. Familiar examples of the 
Cephalophora are the sea -snails, the sea -slugs, and the 
genuine air-breathing snails and slugs. 

Order 1. Scaphopoda, — A very abernint type of the class 
is Dentaliurn, the tooth snail, common in the ()cean from 
ten to forty fathoms dee}>, on our coast. It lives in a long 
slender tooth-like shell, f>pen at ])of h ends, while the aninml 
has no head, eyes, or heart, and the foot is trilobed. Owing 
to the presence of a lingual ribbon, we would retain it in the 
present class, though it is a connecting link Ixitweeii this and 
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the preceding class, and is, by some authoiPS, regarded as 
the type of a separate class (Scaphopoda)* The sexes of 



Fie. 181, —Development of 7?m/aHum. A, monila ; B, trochosphere ; 6, annn- 
lated larva ; />, larva with its rudimentary shell ; z, velum ; a, shell ; young- much 
farther advanced, the shell or lx>dy segmented ; rf, rudimentary tentacles ; j, sub- 
ccsophageal nerve-gantrlia ; f/\ digestive canal, and liver (/') ; the foot protrudes 
from the shell. All magnified. — After Lacaze-JDathiers. 

Deniallum are distinct. Tlie young is a trochosphere and 
afterwards becomes segmented, and the univalve 
shell tlien a})})ears. (Fig. 182.) 

Order 2. Pteropoda, — In these winged-snails 
the liead is slightly indicated and the eyes are 
rudimentary ; while they arc easily recognized hy 
the large wing-like appendages (epipodium)^ one 
on each side of the head. The shell is conical 
or helix-like. The species are hermaphroditic. 
CavoUna tridentata Lamarck and Styliola vitrea 
Verrill (Fig. 183) arc pelagic forms, occurring on 
tlie high seas, and are occasionsdly taken with the 
rum. Used as tow-net OH the Southern coast of New England. 
After Semi Liniucma arciica Fabr. is of the size of, and 
looks like, a sweet pea, moving up and down in the water. 
It is common from Labrador to the polar regions. 
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A oommoa form, occurring at the surface in harl)or8 
north of Cape Cod, as well as many miles off shore, is Spin- 
alis Gouldii Stimpson, the shell of which 
resembles a conical Helix. The largest 
form on the eastern coast of Nortli 
America, extending from New York to the 
polar seas, is the beautiful Cliorie paplllon- 
acea of Pallas, which hjis a head and lin- 
gual ribbon. It is rare on the coast of 
New England, but abundant from Labra- 
dor northward. We have observed it 
rising and falling in the water betwcioi 
the floe-ice on the coast of Labrador. 1 1 
is an inch long, the body fleshy, with no 
shell, the wings being rather small. 

The larvae of the Pteropods pass through 
a trochosphere stage, being, as in Cavolina, 
spherical, with a ciliated crown. It after- 
wards assumes a veliger form. Fig. 184 rej)rcsents a worm- 
like, segmented, Pteropod larva, the adult of which is 
unknown. In other genera the larvae are annulated, resem- 
bling the larvae of Annelides. 



The Pteropods are, in some degree, a generalized type. 

They have a wide geographical distribution and 

♦ a high antiquity ; forma like Cavolina, viz. : 

Theca, Conularia, TentacuUtes, CornuUtes, 
etc., dating back to the palaeozoic formation ; 
Theca-like forms {Pufjhinculm and IJyolitheH) 
occurring in the primordial rocks. 

Order 3. Gastropoda. — This great assemblage 
of mollusks is represented by the ^ea-slugs, 
limpets, whelks (Figs. 185-188), snails, and 
head is quite distinct, bearing one, 
and sometimes, as in the land-snails, two pairs 
of tentacles, with eyes either at the bases, or at the ends of 
the tentacles, or, as in Trivia calif ornica (Fig. 189), they 
are situated on projections near the base of the tentacles. 
All the Gastropods move or glide over the surface by the 
broad creeping-disk, a modification of the foot of the clam. 
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(*tc. The head is alike on each side, but posteriorly the body 



Pm. 187. 


Pi«. 188. 


Pip. 185.— A Wlielk. Bnocimmi crftactum, Labrador. 

Fig. IJW.— A Whelk. After Morae, 

Fig. 187.— jyngilU, West Indies.— From Tenney’s Zoology. 

Pig. 188.— Pellctui'a Foot, Aporrhaii oocidmUUiti. TSIorthem 3^w England.' 
After Morae. 
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is, in those sj>ecies inliabiting a spiral shell, asymmctriciil 
and wound in a spiral, the vis(?enil uulss extending into the 
apex of tlie shell. In the Nudibninclis (Figs. 105, lOT), and 
the slug, the body being naked is syniinetriea] 
on each side. 

The digestive tract is donlded on itself, the 
vent ending on one side of the inoiith. In 
some Kudil)ran(ihs the intestine has numerous 
lateral otTsliouts, or gastro-hepatic branches, 
which resemble similar stru(*tur(‘s in (lie JMana- 
rian and Trematodi^ worms. A lu'art is always 
present, exce})t in tlie ]nirasi(ic Nnf(>ro)H‘Iut^ 
and sometimes, as in (rhlfon, Nwitina, and 
it is ])erforated by the int(‘stine. In 
some genera then* are two auricles to the heart, 
but as a rule ])ut one is present. The (i astro- 
pods breatlu* by gills either free, or contained 
in a eavity in tlie mantle, wliile in tla^ land- 
snails (Pidimniitfa) the air is breallns] directly by a. Inngdike 
gill in a mantle-eavit y. The kiiliicy is singlt*. Tlie sexes 
are either distinct or united in the saute individua!. 

An excellent idea of the structure of a ty]>ical (lustropod 
may be obtained by a dissection of Nutira. (J/Hnafia) 

This is a largi* mollusk, common betw(‘en tide-marks from 
Labrador to (ieorgia. On taking it u[> the student will 
notice the large, round, swollen, porous foot, from wliich 
the water pours as if from the ‘^rose” of a watering-})ot. 
The shell is large, composed of several wliorks, with a small 
tliittened s[)ire or apex. The ap(‘rture is larg(‘, lunate in 
shape, and can be closed by a largo horny door or aper^ 
culnm, (In some mollusks, Nnfim, Turbo, etc., tlio ojicr- 
culuni is of solid limestone, and small om^s arc nscnl as ^0‘ye- 
stones,^' being inserted in the eye and moved about ])y tlio 
action of tlie lids, thus cleansing the eye of irritant particles 
of dust, etc.) 

The animal should then be placed in a dish of salt water, 
and its movements observed. There are but two short, 
broad, flattened tentacles, situated on a flap or bead-lobo 
{pTOS(rma) of the mantle or body-walls. No eyes are present 
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in this species. The mouth is situated in front of the foot 
and at the base of the head-lobe, and is bounded by large puck- 
ered swollen lips. Cutting down from between the tentacles, 
a large buccal mass, the pharynx, is exposed. The mouth- 
cavity is roofed with two broad quadrant-shaped, flat thin 
teeth, with the frce-edge serrated. On the floor of the 
mouth lies the tongue,” or lingual ribbon (Odontophore), 
wliich is folded once on itself, and is a thin band composed 
of seven rows of teeth, those forming the two outer rows 
long and much curved, those of the central row being stout 
and thr(‘o-to()thed. The long slender oesophagus is tied 
down, near its middle, by the brain (supraoesophageal gan- 
glion); just })C‘hind and beneath which are the two large 
salivary glands. The (esophagus suddenly dilates into a 
large stoniach-Iike pouch, which is much larger in this 
species than in other forms allied to it. It is a sort of crop 
or ju’oventi'icuilus (the organ of Delle Chiaje), and rarely oc- 
curs in t he (histro})ods. On laying it open, it may be seen 
to be spongy at its anterior end, and posteriorly divided by 
numerous transveu’se })artition8 into small cavities. The 
msophagiis beyond it is again slender, and leads to the 
stoimwdi situated in the apex of the shell, partly embedded 
in the liver-mass which lies mainly beyond it. From 
the stomach the intestine returns to the head, widely dilat- 
ing into a large sacculated cloaca, before the free up- 
turned vent, which is situated on the right side behind and 
to the right of the right tentacle. The nervous system is 
represented by a pair of large ganglia, forming the brain 
(su}>raa‘so])hageal ganglia) situated just below and behind 
the pharynx. The two other ganglia w'ere not traced, but as 
a rule in all Cephalophora there are three pairs of ganglia, 
t. e,, the brain (supracesophageal ganglia) with commissures 
passing around the gullet to the pedal or infraoesophageal 
ganglia, thus forming the oesophageal nervous ring, while the 
visceral or parieto-splanchnic ganglia are placed at a varying 
distance behind the head. 

The heart, contained in its pericardial sac, and consisting of 
a ventricle and auricle, is situated near the posterior end of 
the gills. The latter are disclosed by laying aside the man- 
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tie on the left side of the body behind the head. In a large 
Lunatia it is an inch long, with a vein at the ba^ie, the gill- 
lobes arranged like the teeth in a comb. A smaller, much 
narrower gill lies within and parallel to it. The ovary is 
situated near the stomach, the ovi- 
duct ending near the vent. 

The eggs are laid in capsules (Fig. 

190, Purpura Inpillus and two egg- 
capsules) of varied form atttiched 
to rocks or, as in Trochui^ and the 
Nudibranchs, in mjisses of jelly at- 



tached to sea-weeds or stones. i90.--A/r/wm and it« 

capHuleft, the Inttor enlar}>;o(l.— 

As a type of the mode of devel- Aner Morse, 
opment of Gastropods may bo cited that of Calyptra'a si- 
np7isis, represented in our waters by Calypirma Htrinla Say 
(Fig. 191). 



Pia. 198. 

ffMa/a. TiAtaral size.—Aftor Morse. 

A ("*i^ypfr(e.a farther advanced, m, mantle ; v, vclnm ; A foot • 

Se Sa?Sy pHmiUve kidney ; #, crosses the shell and rests oii 


According to Salensky, after segmentation of the yolk 
into eight cells the first four cells or ‘^sjthcres of segmenta- 
tion ’ subdivide, enclosing the yolk-mass, and constituting 
the ectoderm or outer germ-layer, the yolk-mass forming the 
endoderm. The cells of the outer germ-layer multiply and 
form the blastoderm, from which the skin, mantle, and ex- 
ternal organs, as well as the walls of the mouth, arise. The 
primitive” mouth of the gastrula is formed by the in vagi- 


264 


ZOOLOGY. 


nation of the outer germ-layer ; the sides of the primitive 
mouth form the two sails of the velum or swimming organ, 
and the embryo now assumes the veliger stage (Fig. 192). 
Soon the middle germ-layer (mesoderm) arises, and from 
the cells composing it are developed the muscles of the loot 
and head, as well as the heart itself. The mantle or body- 
wall next develops, and from it the shell, which originates in 
a ciip-like cavity which is connected only around the edge 
with the mantle, being free in the centre. The eyes and ears, 
or oiocysts, next appear, both organs arising as an infolding 
of ihe outer germ-layer. Hitherto symmetrical, the alimen- 
tary canal now begins to curve to the left, and the visceral 
sac, or posterior part of tlic emhiTo hangs over on one side. 
The nervcnis system is the last to be developed. 

Fig. 193 represents the asymmetrical larva with the shell 
onvelo])ing a large part of the body, and the ciliated velum 
(/’) and foot (/) well developed. A temporary larval heart 
{h) assumes quite a dilferent position from the heart of the 
adult, and the primitive, deciduous kidney is situated in 
(juite a dilT(U’ent place from the j)ermanent kidney. The 
further clianges consist in a gradual development of the hel- 
luet-like shell, the disappearanco of the temporary larval 
siriietures, and the perfection of the organs of adult life, the 
gills ap{)oaring quite late. 

The d(nel(>pment of Trochus, the top-shell, exhibits more 
strikingly the trochosphere and 



Flj?. larval TVochrus. jl, tm. 
c.howphere ; f>, vttium ; ii, veliger state ; 
^ ^ shell.— After 


veliger stages of niolluscan life, 
and most Gastropods develop 
like this form. The velum 
at first forms a ciliated ring 
(Fig. 194, A, v) on the front end 
of the trochosphere. Fig. 194, 
7>, represents the veliger state. 

It thus ajipears that the tem- 
})orary larval or veliger form of 
the Gastropods are of vermian 


origin, the organs last to be de- 
velof>ed, f?., the foot, shell and lingual ribbon, which are the 


distinctively inolluscan characters, being tlie last to appear. 



NUDlBBAmE MOLL mm. 


The Nudibraach mollusks, such as the Eolis and Doris and 
allied forms, breathe by external gills, arranged in bunches 
on the back, as seen in Fig. 195, ^olis (Mon- 
tagna) pilata (Gould), a common species on 
the coast of New England. In Doris (Fig. 
197), they are confined to a circle of pinnate 
gills on the hinder part of the Iwck. They are 



shelless, and not nncommoii just below low-water mark, 
laying their eggs in jcdly-like masses (‘oiled up on stones and 
the siiihmc of sea-weeds. Though tlie adults are slielless, 


the embryos at first liave a shell 
(Fig. 19(1, .v), indicating that 
the Nudihramhs have d(‘scend- 
ed from shelled Gastropods. 
Fig. 190 represents the vcii- 
ger of Tergijm lacinulaia 
Sehultze, allied to Dorisy with 



F!j;. 19S . — Phym h/rtfrmtropha. Cutn- 
mon iK>nd-»nail.— After Morso. 


ii,8 large ciliated velum, and 


protected by a deciduous shell, which finally di8ap])ears with 


the velum. 


’^riie air-breathing mollusks, Ptdmouafa, are represented by 
the })oiid-anails, Phjfm (Fig. 198) and lAnimvos (Figs. 199, 
200), and the land-snails and slugs. Fig. 205 represents a 
sbig suspended by a mu(.*ous tbnawl from a twig. 

The common snail, Helix alholahris Say, is a t ypo of tlu*. 
air-breathing mollusks. Fig. 201 represents this snail of 
natural size, in its shell. The opening to the lung is seen 
at a, and at B is represented the lieart and lung of the gar- 
den slug {Limax Jlavm). Fig. 202 reiu'eseiits //e/ix (dbo- 
lahris with the shell removed, and the mantle thrown buck. 
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showing the lung and heart (A) and the mouth (wt) bb well 
as the four tentacles, with an eye at the end of the two 
upper tentacles. Fig* shows the 

brain and pedal ganglia of Helix albola- 
hris. The tentacles when carefully exam- 
ined may be found to contain both the 
eyes (e) with tlie optic nerve (qp) and the 
olfactory nerve (Fig. 206, o). Fig. 204 
represents the jaw and lingual ribbon of 
Helix. 

The eggs of the pond-snails are laid in 
transparent capsules attached to sub- 
merged leaves, etc. Those of Physa 
haterodroplia arc laid in the early spring, 
and three or four weeks later from fifty to 
sixty embryos with well-formed shells may 
1)0 foiuul ill the Ca])SUle. 

;;rm“tw.-~After Morse. Lwiiicpus are laid late in 

ih(‘ spring in capsules containing one or two eggs, and sur- 
rounded by a mass of jelly. After passing through the mo- 


Piff. SOO.'— Limticpus slodM, a common pond-snnU, showing its variatloni.'— 
After Mor»e. 

rula, gilstrula, and trochosphere stages a definite veliger 
stage is finally attained. The foot is large and bilobed, the 
mantle and shell then arise, and the definite molluscan char- 
acters are assumed, the shell, ereej>ing foot, mantle-flap, eyes, 
and tentacles a])pearing, and the snail hatching in about 
twenty days after development begins. 

Tjand-snails and slugs lay their eggs loose under damp 
leaves and stones, and development is direct, the young 
snail hatching in the form of the adult. 
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Pio. 301. 



Fig. S90S. 



Fio 203. Kio. 204. 


Fig. 201 , — Hdix albolahris. natural ^17.6. a, orifice of Inng. AJao the heart and 
ung of JAmax. Aarus, magnified. 

Ffg. albolabris^ with the ehell removed to ehow the heart (f ) and the 

nng ; tw, mouth.— Tbl* and Piga. 901-304 after Leidy. 
r¥g. 908.— N<‘rve-centree of Helix nlbolabriis. 

Pig. 3M.— Jaw (lower figure) and aide and top view of teeth of lingual ribbon of 
alboUfbrU, 
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group of mollusks represented by Chiton (Fig. 207 , 
Chiton ruber) have been referred to the ■worms by Jhering, 
on account of the segmented appearance 
of the plated shell, and the nervous sys- 
tem, which consists of two parallel 
cords, connected by several commis- 
sures ; * as well as from the fact that the 
intestine ends at the hinder end of the 
body. The young 
is ovfil when hatch- 
ed, and is a trocho- 
] laving 

ciliated ring in the 

FiK, 306 .~ 8 iug. Nttt. middle of the body 

jral ttize. 

witli a long tuft of 
large cilia on the luaid. Afterwards 
it iH'eomes segmented, as in Fig; 208 , 
and is remarkably worm -like, the 
liriwsiono pluios of the mhiJi; corre- 
sjanniing to the prJniitiye hirvnl rings. 

Certain Gastrojiods are useful either 
as food or in the arts. In Eurojio 
Litiorina Viflorea, Uw. limpet {Patella or a' snail. 
vulyata)y the whelk {Biiccinum nn- 





Flg.aww 

Flff. 13(W. Soertuentf'd Inn; 
}( CViifm. 


Fig. End of tentaclo 
a snail. eye? ; ojt, optic 
uervo ; o, olfactory nerves. 

datum), and ilie Roman snail {Helix 
juuuatia) are eaten. The sea -ear 
{HaJi(itis) is roasted in the shell. 
The animal of Cymha, Stromhns gi- 
(/as, Turho, Trochiis, and Conus are 
eaten in the tropics, wliile many of 
the larger forms are used for fisli- 
bait. J Varls are sometimes found in 
tlio species of Ilcdiotis and Turbo, 
The h(aiutiful shell of Cassis is made 
into cameo pins, and the shell of 


^stronibus (jigas is in the W est Indies made into ornaments. 


* In Ftssurella and JTaliotis the two nerve-cords from the pedal gan- 
glia are also ^ited by nine transverse commissures, so that here also 
we have an approach to the double ganglionated cord of worms. 
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Various shells, such as Margimlla, Turbinella, etc., are 
strung in bracelets and armlets by savages. Cyprma momta, 
the cowry (Fig. 209), is used for money, and other shells 
are worked into various shajKis for wampum or aboriginal 
money. Fig. 210 represents an Olivella, used by the Cal- 
ifornian Indians as money. Murex and Purpura afford 
the Tyrian dye. 

While a few Gastropods are pelagic, living upon the high 
seas, such as layithina and the Nudibraneh Glaucus^ most 
of the species are submarine and live in all seas ; the hardier, 
most widely diffused species living between tide-marks, the 
more delicate forms in deep water, ranging from low-water 



Fig. 909. Fiu. 210. 


Fxo. aOfU.— CyjtrcEa vwneta.—AUvT Htoams. 

Fig. 210 . — OliveUa hijdlcata , — After Steams. 

mark to fifty or one hundred fathoms. The abyssal fauna at 
the deptli of from 500 W about 2000 fathoms has a few char- 
acteristic mollusks. Many live on land and in fresh water. 

The largest, most highly colored shells live in tlie tropics, 
wliile those found in the tcm})erate zones are less beautiful, 
and the arctic species are the smallest and dullest in color. 
The shells of the eastern coast of North America are 
divided into several assemblages, or fauiige, the West Indian 
or tropical shells, in some cases, reaching as far north as 
Cajie Hatteras ; between this point and Cape, (/od a norih 
temperate assemblage occurs, and north of Cape Cod the 
moUuscan fauna is essentially Arctic ; many s|>ecies being 
common to tlie arctic and siiliarctic seas of the circumjiolar 
regions. 
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Marine shells in time date back to the lowest Silurian 
period ; such are Maelurea, Holopea^ Murchisoniay Pleuro- 
tomaritty etc., which occur fossil in rocks of the Potsdam 
period. The Palaeozoic Gastropods are few in number com- 
jmred with those occurring in Cretaceous and especially Ter- 
tiary formations. 

The earliest land-snails occurred in the Coal Period ; the 
living species are exceedingly numerous, and often much re- 
stricted in range, especially in the tropics ; the arctic forms 
are very scarce, but four or five species occurring in Green- 
land. There are over 22,000 species of Cephnlophora known, 
of which 7000 are fossil. There are 6500 species of Pulmo- 
vala. 

Subclass 4. Heterapoda, — The Heteropods form a distinct 
subclass, the systematic position of which was for a long 
time unsettled ; but tliey are now classed among the Gas- 
tropods, iKung in fact related to the Opisthobranchiata, 
Their most striking peculiarity is the form of their foot, 
the anterior and middle portions of which are expanded to 
form a leaf-like fin, which often bears a sucker ; the pos- 
terior part of the foot is much elongated, and, reaching far 
biick wards, appears to form a tail-like continuation of the 
body. The Hetcropods are more or less transparent, and 
are found swimming upon the surface of the ocean, upon 
their backs with their foot upwards. The shell may or may 
not be developed ; when present it may be either simple or 
coiled. The nervous system resembles closely that of the 
true Gastropods, but is more highly developed ; the brain 
consist>s of several supraoesophageal ganglia forming part of 
an oesophageal ring. From the brain arise the optic and 
auditory nerves. The two large eyes lie in special capsules 
near the feelers, and are movable by several muscles. The 
otocysts are also large, and contain a large spherical otolith. 
The otocysts are lined by an epithelium with bundles of 
long vibratile hairs, and with a cluster of sensory cells, form- 
ing a t^acuh actistica* Organs of touch have also been 
described. The sensory apparatus of the Heteropods are 
highly specialized, and have been studied by Claus, Boll, 
Flemming, and others. The odontophore is well developed ; 
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the tongiie or rmlnla has highly characteristic teeth, which 
serve these rapacious animals to seize their prey. The in- 
testine runs straight back from the mouth, and after mak- 
ing one or two coils ends in the vent. The excretory organs 
open near the anus ; tlie contractile tube opens internally 
into the pericardial cavity, and resembles in form and posi- 
tion the excretory organ of the Pteropoda, The circula- 
tion is imperfect, the blood passing from the "wide sinuses 
of the body to the ventricle of the heart. From the auricle 
springs the aorta, wliich subdivides into several branches 
that open freely into the body-cavity. The circulation can be 
easily watched, owing to the transparency of the body. The 
aeration of the blood is elTected partly through the skin, 
partly through gills, excei>t in a few si)eci(‘s. Tlie branchi® 
are either tliread- or leaf-like ciliated appendages, which 
may either be free or enclosed in tlie mantle-cavity. The 
sexes are distinct. Tlie males can be readily recognized by 
the large copulatory organ, which hangs free on the riglit 
side of the body. The sexual glands fill the posterior por- 
tion of the visceral cavity, and are ])art.ly imbedded in the 
liver. The oviduct is comjdicated by the presence of an 
albumen gland and a receptaculum semiiiis. It opens on 
tlie riglit side of the body. 

The Ileteropods arc exclusively marine, but are found in 
all quarters of the world. The number of sjiecies is small, 
and there are two orders only — the Pierotracheidm with a 
small or no shell and free gills, and the Atlaniidm with a 
large coiled shell and gills placed in the mantle. Piero- 
trachea (Firola) coronaia Forsk. is found in the Mediter- 
ranean, and on account of its transparency has often been 
investigated. The Heteropoda live together in large num- 
bers, and feed on small animals. 

The eggs are laid in cylindrical strings, which soon break 
up into numerous pieces. The segmentation of the yolk is 
complete hut irregular. The embryo rotates within the egg 
during the veliger stage, when it has two distinct sails, or 
lol^es of the velum, and a ciliated foot with an operculum. 
In this form it leaves the egg. The velum enlarges and 
forms several divisions* The otocysts, eyes, and tentacles are 
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then developed. The foot gradually lengthens and forms the 
characteristic fin or keel. The velum is meanwhile ab- 
sorbed, the operculum {Carinaria), or the operculum and 
shell, are thrown off, and the larva gradually assumes the 
form and organization of the jwlult. Tdie close relationship 
of the Heteropods and Gastroj)ods is shown by the great 
similarity of their larvfe. Gegenbaur even goes so far as to 
include them under the Opisthobraiichiafay while von Jher- 
ing unites them with Chitons and some other forms under 
the name of ArthrocorJiUdm ; for the present it seems Ix^st 
to retain them as a subclass. 

The fossil genus Belhrophon is closely related to the 
Ailantidm. 


Class II.— CP:PHAb()PH()R A. 

Mollunkfi with a distinct head, ^Hth tentacles, eyes and cars in the head; 
the foot forming a creeping disk; the body either naked and HlaUrcdly sym- 
metrical, or enclosed in a spiral shell, and consequently behind the head 
asyynmetric.al. Mouth with pharyngeal teeth and, a lingual rilhon {pdon- 
tophore). Nerrous system consisting of four pairs of ganglia, the brain 
well developed . The intestine usually ending near the mouth. The heart 
with usually a single auncle. Breathing by a single gill, or a lung -like 
gill : a double kidney, but forming a single mass. Sexes united or sepa- 
rate. Y(mng passing through a morula, gastrula, sometimes a trocMo- 
sphere and usually a veliger stage; in the land-snails development 
direct. 

8uhi'l(i.'<s\. Scaphopoda . — No head, several lonjor thread-like tentacles ; 

foot long, trilobed. Shell long, conical, open at each end. 
A single order Solenoconclux. (Dentalium, Siphouodenta- 
liuin.) 

Subclass 2. Ptereqyoda — Body with two wing-like expansions (velum) 
on the front part of the foot, for swimming ; body naked or 
shelled. Hermaphroditic. Larva with a velum and shell. 
Order 1. (Hyalea, Cleodora, Cavolina). Order 

2. Gymnosomata. (Ciione). 

Subclass 3. Gastropoda . — Order 1* ProsobranrMata (Haliotis, Patella, 
Trochus, Littorina, Lunatia, Paludina, Turritella, lanthina, 
Cyprasa, Strombus, Cassis, Bnccinum, Nassa, Purpura.) 
Order 2. OpisthArranchiata, (Bulla, Aplysia, Eolis, Doris.) 
Order 3. Pnlmonata. (Limneeus, Planorbis, Auricula, Helix, 
Bulimus, Liniax). 
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Subclass 4. Heteropoda , — Naked or shell-bearing mollusks, with a large 
prominent head, large movable eyeg, and foot with a keel- 
like fim The sexes are distinct. Respiration by gills. Or- 
der 1. Pterotraclieidos. — Pterotrachea, Carinaria, Firoloides. 
Order 2. Atlantidm , — Atlanta (living) ; Bellerophon (fossil). 


Laboratory Work , — The Gastropods are very difficult to dissect, and 


it is quite essential that the 
specimen be freshly killed, and 
that it has died as fully ox< 
panded as possible. For this 
purpose they should be al- 
lowed, as Verrill suggests, to 
die in stale sea-water, with 
the parts expanded ; when the 
animal is nearly dead, the soft 
parts can be forcibly held out 
by the hand while the animal 
is killed by immersion in alco- 
hol. Shells and other marine 
animals may be obtained by 
means of the dredge (Fig. 
211), an iron frame with a 
net, to which is attached a 
roi>e and weight. 



(5la.ss IIL — Cephalopoda {Squuh and Cnttle-Jishes), 

General Charaoters of Oephalopods. — The esBential 
features of this class may be observed by a study of the com- 
mon squid, represented by Fig. 212. The following account 
is based on dissections of Loligo Pealii Lesueur (Fig. 
213). A general view of the body of the entire squid, 
with its arms and suckers, is given in the accompanying 
illustration (Fig. 212) of Loligo pallida Verrill. The body 
is fish-like, }>ointed behind, and with two broad fleshy fin- 
like expansions at the end of the body. The head is dis- 
tinct from the mantle or body, and the mouth is surrounded 
by a crown of ten long stout pointed arms, provided on the 
inner side with two rows of alternately arranged cup-shaped 
suckers, each sucker being spherical, hollow, with a horny 
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rim inside. Two of the ten arms arise from the under side 
of the head ; they are twice the length of the eight others, 
and oval at the end. On each side bf the head behind the 
tentacles are the remarkably lai'ge eyes, which, though usual- 
ly said to be more like the vertebrate eye than those of any 

other invertebrate, are really 
constructed fundamentally on 
tlie same plan as the eye of 
tlie snail ; differing in several 
important respects from that 
of a Vertebrate, the resem- 
blances between the two being 
superficial, while the struc- 
ture of the eyes of mollusks is 
quite unlike that of Crusta- 
ceans, insects or Vertebrates. 

The mantle loosely invests 
the front of the body next to 
the liead, so that the water 
})asses in around the neck in 
order to bathe the gills, which 
are quite free from the visce- 
ral mass. The mantle is beau- 
tifully colored and spotted, 
the change of color being due 
to the change in form of the 
pigment masses or chroma fo~ 
j)hore,% which are under the 
influence of the peripheral 
nerves. 

The mantle is supported by 
a homy ‘"pen” (Fig. 214), or 
jien-shaped thin support, ex- 
tending from the upper side of the anterior edge of the 
mantle to the end of the body. In the Sepia of the Medi- 
terranean Sea this is thick, formed of limestone, and is 
called the cuttle-fish bone,” 

The organs of digestion consist of a mouth, pharynx, 
(esophagus, stomach and intestine. The mouth is situated 
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between the tentacles, and is surrounded by a double fleshy 
lip, the outer fold of the lip bearing short fleshy pointed lobes 
opposite the spaces between the tentacles. The 
pharynx is large, muscular and bulbous, contain- 
ing two powerful horny teeth, shaped like a par- 
rot’s beak ; the two jaws are unequal, the lower 
one the smaller, moving vertically. On opening 
the base of the smaller jaw, the lingual ribbon or 
odontophore (Fig. 213, joo) may be discovered; it 
consists of seven rows of teeth, somewhat as in 
those of Architeuthis Hartingii (Fig. 215). 

The oesophagus (m) is long and slender, with two 
long oval salivary glands (sg) on each side of it, just 
behind the pharynx ; the salivary duct leading 
into the mouth-cavity. The (esophagus has 
several internal longitudinal folds, an(i passes 
on one side of the large liver (/) wliich lies in 
front of the stonuich, and which is about one 
third as long as the whole body, extending back- 
wards. 

On laying open the stomach, a series of large 
semicircular transverse curved valves may be 
p 1 g. S 14 .-- occupying the anterior third of the stom- 
ach (<s), while beyond are scattered glandular 
.-i* Mter i^^asscs. The pyloric end opens into an oval 
Verrili, CHCCUin (ca) with about fourteen longitudinal, 
thin high ridges. There is no spiral portion attached. The 
intestine (/») is straight, thick, and passes forwai’d, ending 
in a large vent (a), the edges of 
wdiich are lobulated. The ‘‘ink- 
bag” (Fig. 213, i) can be recog- 
nized as a purse-like silvery sac, 
filled with a dense pigment, the 
sepia, which, like the Chinese 
sepia, can be used for drawing. 

The duct is straight, and is intimately attached to the in- 
testine, ending close to the vent, both the vent and open- 
ing of the duct of the ink-bag being situated at the bot- 
tom of the funnel or siphon (Fig. 213,/), which is a large 
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short muscular canal with a large orifice extujuling on 
the ventral side to the base of the tentacles. Tlirough 
this siphon passes excremeniitious matter as well as the ink, 
and the stream of water which is forcibly ejected from the 
siphon, thus prot>elling the scpiid through and somotinies 
out of the water. 

Tlie two gills (Fig. 213, g), are large, long slender bodies, at- 
liiclied by a thin membrane to the inner wall of the mantle, 
and are quite free from tho visceral mass. From the bran- 
chial vein arise two rows of lamellae like the teel h of a comb. 
At the biLse of cacli gill is a flatted oval body, the ^^bran- 
chial heart,” or auricle (Fig. 213, hh). The auricles are quite 
separate from the large four-cornered flat ventricle (Fig. 
213, /i), lying in front of the stomach, and which throws olT an 
artorv from each corner, the aorta being the largest, and 
passing }>arallcl to the of>so]>hagus, while a large vein {vena 
mva) is sent off t.o the gills from a circular sinus in the 
head. 

Tlie nervous system is more coin[»]i(‘ated than usual in 
M<tUusc{(^ and is very difTicult to dissect. In Loligo Pealii tho 
highly eoncentrated nervous system is mainly contained in an 
iniperf(‘(d cartilaginous brain-box {eg), a slight antici]>ation of 
the skull of the Vertebrates. The brain (su])raaisoj)hageal 
ganglion, Fig. 213, d) rests upon the very large optic nerves, 
which dilate at the base of the eye, the latter being partially 
inilK*dded in sockets in the brain-box. Tiie visceral (parie- 
tosplaiichnic) ganglion lies beneath and a little behind tlie 
brain, supplying the nerves for the ears (otocysts), whicli 
are enclosed in the cartilaginous brain-box, and there is a fine 
canal leading from tho ears to the surface of the body, so 
that, as Gegenbaur states, it is possible to distinguish a mem- 
branous and a cartilaginous labyrinth, analogous to tlie 
similar ])arts found in the Vertc'brates. The pedal ganglion 
(Fig. 213 , 7 ;) paired with the visceral ganglion (Fig. 213, ?>), 
but lies in front of it, behind and under the bulbous pba- 
r}nix, and from it arise ten nerves {t), which are distributed one 
to each arm, passing between tho two rows of suckers. Two 
smaller ganglia, the superior buccal and inferior buccal, lie 
one above and one below the beginning of the cesophagus. 
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Besides this set of five cephalic ganglia, there are three piutt 
of ganglia belonging to the visceral or sympathetic nerve, 
which arise from the visceral ganglion situated among the 
viscera ; a single one (the ventricular or splanchnic ganglion) 
is situated over the stomach near the origin of the aorta, 
which sends a nerve to the coecum, and another accompanies 
the aorta ; the mate to this ganglion is situated near the 
vena cava, A pair of ganglia is situated on the mantle walls 
(ganglia stellata), and there are two branchial 
ganglia. The kidneys (h) are irregular 
branching spongy bodies, in intimate con- 
nection with the auricles or branchial hearts. 
The sexes are distinct. The ovary (o) is 
large, especially when the eggs are ripe, and 
is situated in the end of the body-cavity. 
The single oviduct is as in some worms, 
separate from the ovary, and in tliis resj)ect 
ihe Oephalopods approach or anticipate the 
Vertebrates, in which the oviduct is also 
separate from ihe ovary. The oviduct 
(ot') is a thick straiglit tube, with a flaring, 
deeply-lobed mouth. The eggs,w'hen ex- 
truded, are enveloped in a large gelatinous 
capsule (Fig. 21G), which is secreted by the 
large flattened nidamental gland [c) on the 
floor of the body-cavity, tied down at each 
end by cord-like membranes. Usually there 
are two nidamental glands. 

The earliest phase of development of the egg 
of most Oephalopods (Sepia, LoUgo) is like that of birds and 
reptiles, the yolk undergoing jiartial segmentation, the blasto- 
derm being restricted to a small disk, as in V ertebrates. Even- 
tually the blaetoderm encloses the whole yolk, the mantle 
begins to form, the eyes are at first in-pushings of the outer 
germ-layer, and the mouth appears. The digestive tract 
original from a primitive invagination of the outer germ- 
layer (ectoderm), as in Amphiozus, Ascidians, worms, and 
some Ccelenterates. About the tenth day, as observed by 
Ussow^ at Naples, the gills, siphon or funnel, and arms arise, 



Fig. Sia—Elgg-cap- 
fuJ« of Jjoliffo Pieaiii. 
— After Verriil. 
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autd a daj later the rudiments of the ears, of the pharynx 
and salivary glands ; while a day or two after, the ventri- 
cle, auricles, the kidneys, the ink-sac, and liver develop. 
Contrary to the usual rule the ganglia arise from the middle 
instead of the outer germ-layer. After this the germ grad- 
ually develops until it rises above the surface of the egg, 
and soon the yolk is partly absorbed and is contained in a 



Fio. 217. Vi" 

Filf. 217.— Embryo of Ldigo Pealii. a, a", tht; rtK»>t armtt bttlonglng to 

four pairs ; c, the side of the head ; e, the eye ; /, the caudal linn ; A, the 1 
the mantle In which the color vesicles arc already dev'cloned and capable of Chang- 
ing their colors ; o, the internal cavity of the ears ; n, sitMion.- After \ ©rnll. 

Fig. 218.— The same as Fig. 217, but more advanced. The lettering In Flg«. 217 and 
218 the same.— Both after Verriil. 


large yolk sac, as in Figs. 217, 218. Finally ilie young cut- 
tle-tlsh hatches in the form indicated by Fig. 219, and then 
swims free upon the surface of the sea. 

The development of Cephalopods in general is, tlien, di- 
rect, there is no metamorphosis, the phases of meta- 
morphosis seen in most other mollusks not appearing ; but 
in an unknown species of cuttle-fish whose eggs were found 
floating on the Atlantic, the germ, after the partial sepnent- 
ation of the yolk, assumed a trochosphere condition (Fig. 220) 
before the definitive features (Fig. 221) of the cuttle-fish 
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appeared^ The squids or cuttle-fish are Tery active, some- 
. times leaping out of the water and falling on the decks of 
large vessels* They dart rapidly back- 
ward by ejecting the water from their 
siphon or funnel. 

The CephaJopods are divided into 
two orders, according to the number of 
their gills. 

Order 1. Tetrabranchiata. — This 
group, in which the gills are four in 
number, is represented by the Nautilus^ 
the sole living representative of a num- 
ber of fossil forms, such as Orthoceras^ 
Goniatiies and Ammonites. 

Nautilus pompilius linn. (Fig. 222), 
and Nautilus umMlicatulus are the 
only survivors of about 1500 extinct 
8ir§kVaSerTdviSced*.^* spccics of the Order. 

Order 2. Dihranchiata. — The Di- 
hranchiaies are so called from possessing but two gills, while 
the I etrabranchiates had, as in Nautilus, numerous unarmed 
tentacles ; these are now represented by ten [Decapoda), or 
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f a, a', arm* ; m, month ; ftr. frr, 

C^lo?hore.L^flSJ the.dotted iW ending in a 


eight {Ocfopoda) arms, provided with numerous suckers. To 
the ten-armtMi forms belong Spmdn, a diminutive cuttle, with 
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an internal coiled shell. The shells of Spirula Peronii I^a- 
marck are rarely thrown ashore on Nantucket ; it lives upon 



Pig. Peariy NaatUiw, JP. pompilim. Been In section showing 
the chambers and siphoacle. Half natural siae.—From 'i'enney’e Zo- 
ology. 


the high seas. The extinct Belemnites was provided with an 
air-cavity (phragrnocone) with a straight shell, the 'Hhundor- 



Pig. 223. — Poul[je or Common Octopua of Brazilian Coast. 


bolt fossil. Allied to Loligo and Ommasfrephesy are gigan- 
tic cuttle-fishes which live in mid-ocean, but whose remains 
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have Ih‘(.‘u found at sea, or cast ashore at Newfoundland and 
the DnniKli coast ; or their jaws occur in tlu> stomach of 
8])crrn whalcjs, as s(iuid of all sizes form a largo projjortion of 
the food of sperm whales, dolphins, por]>oises, and other 
Cetaceans provided with teeth. The lai*gest cuttlc-tish 
known is Architect hif< priuceps Verrill, the body of which 
must be about six and a lialf metres (nineteen feet) in length, 



and nearly tw^o metres 
(five feet, nine inches) 
in circumference. The 
two longer arms are 
metres long. ArclUteu- 
tliis rnonacJius Steen- 
strup has a body about 
two metres (seven feet) 
long, and the tw^o long- 
er arms seven metres 
(twenty -four feet) 
long. A still larger 
individual was esti- 
mated by Y errill to be 
in total length about 
fourteen metres (forty- 

Fig. BairdU, natural size, dorsal and 

lateral view. Gulf of Malue.—After Verrill. lOUr feet). It 18 some- 

times thrown ashore 
on the coast of Newfoundland and Labrador, and in one in- 
stance attacked two men in a boat. 

The Octopus (Fig. 223) and Argo7iauia represent the 
eight-armed forms. 
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Those well'd, horrifying ci*eatuve8, the Octopi^ are very softr* 
bodied, and live on shore just below or at low-water mark, or 
in deeper water. They have no shell or pen. Octopus pmiC’ 
iatus Gabb expands metres (14 feet) from tip to tip of the 
outstretched arms. They are brought of this size into the 
markets of San Francisco, where they are eaten by Italians 
and Chinese. An Indian woman at Victoria, Vancouver 
Island, in 1877, was seized and drowned by an Octopus, prob- 
ably of this species, while bathing on the shore. Smaller Bj)e- 
cies on coral reefs sometimes seize collectors or natives, and 
fastening t> them with their relentless suckered arms tire 
and frighten to death the hapless victim. Octopus Bairdii 
Verrill (Fig. 224) inhabits the Gulf of Maine at from fifty 
to one hundred fathoms. 

The Argonautdy or paper nautilus, has a beautiful, delicate 
shell. A, argo lives in the Mediterranean, but in rare cases 
has been thrown ashore at New Jersey and Florida. The 
animal lives in the sliell, but is not permanently attached to 
it, the shell not being chambered, and holds on to the 
sides by the greatly ex]>anded terminations of two of its 
arms, which secrete the sliell. The males arc very small, not 
more than five centimetres (one incli) in length. During 
tlie reproductive sc^ason the third loft arm becomes larger 
and different in form from the others, and becoming encysted 
is finally detached from the body, and deposited by the male 
within the mantle-cavity of the female, where the eggs in a 
way unknown are fertilized by the spermatic bodies. The 
free arm was supposed originally to be a parasitic worm, and 
was described under the name of Hectocotylus, 

The living species of Cephalopods have a wide geographi- 
cal range, and a high antiquity, the earliest forms appearing 
in the Lower Silurian Period, Avhile the type culminated in 
the Liassic, Jurassic and Cretaceous Periods. 


Class III.— CEPHALOPODA. 

MoUusks ‘irith the head-iobe divided into arms, timaUy provided wUh 
suckers ; eyes more highXy organizeA than in any other invertebrates ; 
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nertiom ganglia much concmtratedand protected hy an imperfect cartila- 
ginous capmle ; pharynx armed with two teeth like a parrot's beak, he- 
sides an odontophore. Sexes distinct. Usually development is direct^ 
with no metamorphosis ; segmentation of the yolk partial y and aprimv 
tive streak is present as in birds and reptiles 
Order!, Tetradranc/mla.—With four gills. (Nautilus, Uviag ; Or- 
tliooifas, Goniatites, Ammonites, extinct.) 

Order 2. DibrancMata . — With two gills. (Spirula, Belemnites, ex- 
tinct, Sepia, Architeutliis, Loligo, Ommastrephes, Octopus 
Argonauta.) 

Taiiulak View op the Classes op Mollusca. 

Cephalopoda. 


Cephalojihora. 

Lamellibrnnehiata. 


Mollusca. 


Laboratory Work . — The cuttlfs are not easy to dissect. A horizon- 
tal section through theliead will show the relations of the cartilaginous 
capsule to the brain, optic nerves and eyes. The nervous ganglia can 
only be traced afte^r tedious dissection. To study the viscera freshly- 
killed specimens are (juite essential. 
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CHAPTER VIL 

BRANCH VIL— AETHROPODA (Orfstaceaks and 
Insects). 

General Characters of Arthropods. — To this group be- 
long those Articulates which have jointed appendages, i. e,, 
antennae, jaws, maxillae (or accessory jaws), palpi, and legs 
arranged in pairs, the two halves of the body thus being 
more markedly symmetrical than in the lower animals. The 
skin is usually hardened by the deposition of salts, carbon- 
ate and phosphate of lime, and of a peculiar organic sub- 
stance, called cliitine. The segments (somites or arthro- 
meres) composing the body are usually limited in num- 
ber — twenty in the Crustaceans and eighteen in the insects — 
while each arthromere is primarily divided into an upper 
(tergum), lower (sternum), and lateral portion (pleurum). 
These divisions, however, cannot be traced in the head either 
of Crustaceans or insects. Moreover the head is well marked, 
with one or two pairs of feelers or antennae, and . from 
two to four pairs of biting mouth-parts or jaws, and two 
compound eyes ; besides the compound eyes there are simple 
eyes in the insects. The germ is three-layered, and there is 
usually a well-marked metamorphosis. The Arthropoda 
are nearest related to the worms, certain Annclides, with 
their soft-jointed appendages (tentacles as well as lateral 
cirri) and well-marked head anticipating or foreshadowing 
the Arthropods. On the other hand, certain low parasitic 
Arthropods, as Linguatula, have been mistaken for genuine 
parasitic worms. So close are the affinities of the Vermes 
and Arthropods that they were by Cuvier united as a Branch 
Articulata, and while the Annelides and Artliropods may 
have had a common parentage, the recent progress in our 
knowledge of the worms, has led naturalists to discard the 
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Articulata of Cuvier as a heterogeneous assemblage of 
forms embracing at least three branches of the animal king- 
a h dom, namely, the VermeSy 

Tunicata, and Arthropo- 
da. 

The Arthropoda are di- 
vided into two well-de- 
fined classes, t. e., the 
Crustacea with two body- 
regions, the head-thorax 
and abdomen (Fig. 2 ^), 
and breathing through 
the body-walls or by external gills; and the Insecta (Tra- 
cheata)y in which the arthromeres are grouped into three 
body-regions, i. e., a head, thorax, and abdomen ; and which 
breathe by internal air-tubes (tracheae). 



Class I. — Obustacea (Water-Jleas, Shrimps, Lobsters, 
and Crabs). 

General Characters of Crustaceans. — The typical forms 
of tl)is eluss are the craw-fish, lobster, and crab, which the 
student should carefully examine as standards of comparison, 
from wliich a general knowledge of the class, which varies 
greatly in form in the different orders, may be obtained. 
The following account of the lobster will serve quite as well 
for the craw-fish, which abounds in the rivers and streams 
of tlie Middle and Western States. 

The body of the lobster consists of segments (somites, 
arthromeres), which in the abdomen are seen to form a com- 
plete ring, hearing a pair of jointed appendages, which are 
inserted between the sternum and tergnm, the pleurum not 
being well marked in the abdominal segments. The abdo- 
men consists of seven segments. One of these segments 
(Fig 226 J?^) should be separated from the others by the stu- 
dent, in order to observe the mode of insertion of the legs. 
Each segment bears but a single pair of appendages, and it 
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is a general rule that in the Arthropods each segment bears 
but a single pair of appendages. The abdominal feet are 
called ^^swimrrierets they are narrow, slender, divided at 
the end into two or three lobes or portions, and are used for 
swimming, as well as in the female for carrying the eggs. 
The first pair are slender in the female (Fig. 22(), B ^ ) and not 
divided, while in the male (Fig. 226, B <5 ) they are much 
larger, and modified to serve as intromittent organs. The 
sixth segment (Fig, 22G, G) bears broad paddle-like a])pend- 
ages, wliile the seventh segment, forming the end of the 
body and e.alh'd the ‘Helson,’’ bears no appendages. It rej)- 
resonts mostly Ihe tergumof the segment. Turning now to 
the ecjihalo-thorax, we see that there are two pairs of an- 
tenna^, the smaller pair the most anterior ; a pair of mandi- 
bles with a palpus, situated on each side of the mouth ; 
three pairs of nuixillm or accessory jaws, wliich are flat, di- 
vided into lobes, and of unequal size ; two paii*s of foot-jaws 
(rnaxillipedes), which differ from tlio maxilla) in having gills 
like those in the five following pairs of legs. There are thus 
tliirteen ])airs of copluilo-thoracic appendages, indicating that 
there are thirteen corresponding segments ; these, with the 
seven abdominal segments, indicate that there are twenty 
segments in a tyi>ieal Crustacean. By some authors the eyes 
are regarded as hoiiiologues of the aj)peiidage8, but in early 
life they are seen to be developed on the second antennal seg- 
ment, as tb(‘y are in the lower Crustacea. They are simply 
modified e])ii he]ial cells of the body-walls, as in the eyes of 
tile lower invertebrates. The ears are situated in the smaller 
an ten me (Fig. 226, a'). In the second or larger antennjB are 
situated the openings of the ducts (Fig. 226, h) leading from 
the “ green glands,’' while the extenial openings of the ovi- 
ducts are situated, cacdi on one of the third pair of thoracic 
feet. 

It is impossible, except by counting the appendages them- 
selves, to ascertain with certainty the number of segments 
in the oephalo-thorax, the dorsal portion of the segments be- 
ing more or less obsolete, but the carapace, or shield of the 
head-thorax, nuiy be seen, after close examination, to rep- 
resent the second antennal and mandibular segments, 
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and is so developed as to cover the other cephalo- thoracic 
segments, thus exemplifying, in an interesting way, Audou- 
in’s law of the development of one segment or part of a 
segment at the expense of adjoining parts or segments ; this 
law, so universal in the Arthropods, as well as throughout 
the animal kingdom, also applies to the appendages. 

The same parts are to be found in the crab, but in a modi- 
fied form, owing to the development or transfer of the weight 
of the organization headwards ; in other words, the crab is 
more cephalized than the lobster ; this is seen in the small 
abdomen folded under the large, broad cephalo-thorax, and 
in the greater concentration headwards of the nervous sys- 
tem of the crab. 

To study the internal structure of the lobster, the dorsal 
surface of the carapace and of each abdominal segment 
should be removed ; in so doing the hypodermis or soft inner 
layer of the integument is disclosed ; it is usually filled with 
red pigment cells. The dorsal vessel, or heart, lies under 
the hypodermis of the carapace, this being an irregular 
hexagonal mass surrounded by a thin membrane (pericar- 
dium) with four valvular openings for the ingress of the 
venous blood. The colorless, corpusculated blood is pumped 
by the heart backwards and forwards through three anterior 
arteries, one median and two lateral, the median artery pass- 
ing towards the head over the large stomach, and the two 
lateral, or hepatic arteries, passing to the liver and stom- 
ach. From the posterior angle of the heart arise two 
arteries ; the upper, a large median artery (the superior ab- 
dominal), passes along the back to the end of the abdomen, 
sending off at intervals pairs of small arteries to the large 
masses of muscles filling the abdominal cavity ; the lower is 
the second or sternal artery, which connects with one extend- 
ing along the flioor of the body near the thoracic ganglia 
of the nervous cord. The arteries become, at least in the 
liver, finely subdivided, forming a mass of capillaries. There 
are no veins such as are present in the Vertebrates, but a series 
of venous channels or sinuses, through which the blood re- 
turns to the heart. There is a large vein in the middle of the 
ventral side of the body. 
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The blood is driren by the heart through the arteries, and 
a large part of it, forced into the capillaries, is collected by 
the ventral venous sinus, and thence passing through the 
gills, where it is oxygenated, returns to the heart. 

The gills are appendages of the three pairs of maxilli- 
pedes and the live pairs of feet, and are contained in a 
chamber formed by the carapace ; the sea-water passing into 
tlie cavity between the body and the free edge of the cara- 
pace is afterwards scooped out through a large opening or 
passage on each side of the head, by a membranous append- 
age of the leg, called the ‘‘ gill-bailer ” {Scapliognathiie). 

Tlie digestive system consists of a mouth, opening between 
the mandibles, an cesophagus, a large, membranous stomach, 
with very large teeth for crushing the food within the large 
or cardiac portion, while the posterior or pyloric end forma 
a strainer through which the food presses into the long, 
straight intestine, which ends in the telson. The liver is 
very large, dark green, with two ducts emptying on each side 
into the junction of the stomach with the intestine. 

The nervous system consists of a brain situated directly 
under the base of the rostrum (supraoesophageal ganglion), 
from which a })air of optic nerves go to the two eyes, and a 
pair to each of the four antennae. The mouth-parts are 
supplied with nerves from the infracesophageal ganglion, 
which, w'ith the rest of the nervous system, lice in a lower 
plane than the brain. There are behind these two ganglia 
eleven others ; the cephalo-ihoracic portion of the cord is 
protected above by a framework of solid processes, which 
forms, as it wore, a false-bottom’* to the cephalo-thorax ; 
this has to be carefully removed before the nervous cord can 
be laid bare. A syTn])athetic nerve passes around each side 
of tlie (ewSO})hagus and distributes branches to the stomach. 

The nerves of special sense are the optic and auditory 
nerves. The eyes are compound, namely, composed of many 
simple eyes, each consisting of a cornea and crystalline 
com, connected behind with a long, slender connective rod, 
uniting the cone with a spindle-shaped body resting on or 
against an expansion of a fibre of the optic nerve, and is 
ensheathod by a retina or black pigment mass (Fig, 226 s\ 
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Though as many images may be formed in each eye as there 
are distinct crystalline cones, yet, as in man with his two 
eyes, the effect upon the lobster’s mind is probably that of 
a single image. 

The lobster’s ears are seated in the base of the smaller or 
first antennm ; they may be detected by a clear, oval space 
on the upper side ; on laying this open, a large capsule will 
be discovered ; inside of this capsule is a projecting ridge 
covered with fine hairs, each of which contains a minute 
branch of the auditory nerves. The sac is filled with water, 
in which are suspended grains of sand which find their W'ay 
into the ca])sule. A wave of sound disturbs the grains of 
sand, the vibrations affect the sensitive hairs, and thus the 
impression of a sound is telegraphed along the main audi- 
toiy nerve to the brain. 

Organs of touch are the fine hairs fringing the mouth- 
parts and legs. The seat of the sense of smell in the Crus- 
tacea is not yet known, blit it must be well developed, ns 
nearly all Crustacea are scavengers, living on decaying mat- 
ter. Crabs also have the power of findiiig tlieir way back to 
their original liabitat wlicn carried off even for several miles. 

The two large so-called ‘‘green glands” situated on each 
side within the lioad-ihorax, and having an outlet at the 
base of each of the larger antennae, are probably renal in 
their functions, corresponding to the kidneys of the verte- 
brate animals. 

The ovaries and corresponding male glands, are volumi- 
nous organs, the testes being white, and the ovaries, when the 
lobster is about to spawn, being highly colored, usually pale 
green, and the ovarian eggs are quite distinct. The lobster 
spawns from March till November ; the young are hatched 
with much of the form of the adult, not passing through a 
metamoi’pliosis, as in most shrimps and crabs. They swim 
near the surface until about one inch long, when they re- 
main at or near the bottom. 

The lobster probably moults but once annually, during the 
warmer part of the year, after having nearly attained its 
maturity, and when about to moult, or cast its tegument, the 
carapace splits from its hind edge as far as the base of the 
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roHtnim or beak, where it is too solid to separate. The lobster 
then draws its body out of the rent in the anterior part of 
the carapaee. The claw — at this time soft, fleshy, and very 
watery — is drawn out through the basal joint, without any 
split in the old crust. In moulting, the stomach, with the 
solid teeth in the cardiac portion, is east off witli the old in- 
tegument ; wJjy the stomach can thus bo rejected is explained 
by the fact that the mouth, a^sopliagus, and stomach are con- 
tinuous in early embryonic life with the epithelium forming 
the outer germ-layer, the mouth and anterior part of the 
alimentary canal being the result of an invagination of the 
ectoderm. The old skin is originally loosened and pushed 
away fi'om the hypodormis, or under-layer, by the growth of 
temporary stiff hairs, which disappear after the skin is cast ; 
the hairs, however, at least in the craw-lish, do not occur on 
the line of the facetted cornea, on the eye-stalk, or on the 
inner lamell® of the fold of the cai'upace over the gill- 
o})ening. 

The student is now |)re 2 )ared to understand the descrip- 
tions of the t}^)es of the different orders. The Crustacea 
may bo divided into two series of orders, or two subclasses, 

{. (\, the normal Crustacea, in large part composed of spe- 
cies now living, though containing numerous palteozoic forms, 
for which wc would jwoposo the term Neocarida ; and the 
more generalized ty]»e of (Tustacea, which abounded almost 
to the exclusion of oHut Crustacea, except the bivalved mi- 
nute forms, ill the Paheozoic age of the world, and which 
may be called the Pakwcarida, They are represented by 
the fossil Trilohitcs and Eurypierida, and the only surviving 
member, tlie King-Crab {Limulm). 

Wo will now study the orders of Neocarida, treating of 
them as heretofore in the ascending order. 

Order 1. Oirripedia. — The barnacles would, at a first 
glance, hardly be regarded as Crustacea at all, so much 
modified is the form, owing probably to their fixed, para- 
sitic mode of life. Indeed they were formerly placed among 
tlie Mollusca, until, in 1836, Thompson found that the 
young barnacle was like the larva of other low Crusbicoa 
(Copepoda). The barnacle is, as in the common sessile form 
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(Fig. 227), a shell-like animal, the shell composed of several 
pieces, with a multivalvc, conical movable lid, having an 
opening through which several pairs of long, manv-joiut- 
ed, hairy appendages are thrust, 
thus creating a current which sets 
in towards the mouth. The com- 
mon barnacle {Balanus balanoi- 
ties Stimpson) abounds on every 
rocky shore from extreme high- 
water mark to deep water, and 
the student can, by putting a - 
group of them in searwater, ob- 
serve the opening and shutting 

of the valves and the movements Pig. 227.-A bornacic. 

T /•/••)> poTcatus, Natnnil «izo. 

of the appendages or cirri. 

The structure of the barnacle may best be observed in 
dissecting a goose barnacle {Lepas fascmilaris Fjllis and 
Solandcr, Fig. 228). This barnacle consists of a body {capit- 
ulian) and leathery peduncle. There are six pairs of jointed 
feet, representing the feet of the Cyclops (Fig. 236). The 
mouth, with the upper lip mandibles {B, 1), and two )jairs 
of maxillaB, will bo found in the middle of the shell. A 
short oesophagus (according to J. S. Kingsley, whose ac- 
count we are using) leads to a pouch-like stomacli and tubular 
intestine. This form, like most barnacles, is herma[)hroditie, 
the ovaiy {A, 0 ) lying at the bottom of the shell, or in the 
])edunculated forms in the base of the peduncle, while the 
male gland (t) is either close to or some distance from the 
ovary. There is also at the base of the shell, or in the pe- 
duncle when developed, a cement-gland, the secretion of 
which is for the purpose of atUiching the barnacle to some 
rock or weed. 

While the sexes are generally united in the same indi- 
vidual, in the genera Ibla (Fig. 229) and Scalpellum (Figs. 
230, 231), besides the normal hermaphroditic fonn, there 
are females, and also males called ^^complementary males,” 
which are attached parasitically both to the females and 
the hermaphroditic forms, living just within tlie valves or 
fastened to the membranes of the body. Tliese comple- 
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mental males are degraded, imperfect forms, with sometimes 
no mouth or d igestive canal. The apparent design in nature 
of their different sexual forms is to effect cross fertilization. 
The eggs pass from the ovaries into the body-cavity, where 



Fip. Anatomy of fanc’n’vlaris. A. r, six pairs of logs or cirri ; Ala. 

mcntury ni>pcn<iapt‘x ; inoutli; k, stomach; A, oimnings of the liver (0 ioto the 
(•iltnnnch, whirli ih rc]prcH('ntc{l as laid open ; t, intC8t»«e ; o, vent ; 1, tcatiB ; r, vasa 
deferent la, one cut <»n' ; p, male appendage ; o, ovary ; e, adductor muscle connecting 
Ou* two Imaal valves; c*-, Bcutal valve ; /r, cariual valve ; rf, tergal valve. Snlargea 
twice. 

if. 1. pnlpuB ; 2, mandihles ; 3 and 4, first and second maxillae. 

< 7 . Nerv'ouH wyatem. brain, sending the optic nerves to the nidimentary eye («), 
each optic, nerve having an enlargenient near the eye, i. e., the ophthalmic ganglion (o); 
between o and « are the nerves which go to the peduncle • tt, nerve eent to the 
tiuefttr-itcutofufn ; (r, comnusBure between the eapra- and infraceBophageal ganglia (n) ; 
c, t?, c, c, r. nerve* to each of the eix feet Enlarged four times.— Alter Bdngaley. 

they are fertilized, and remain for some time. They pass 
through a morula condition, a suppressed gastrula or two- 
layered state, and hatch in a form culled a Nauplms^ from 
the fact that the froe-swimming larva of the Entomostraea 
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was at first thought to be an adult Crustacean, and described 

under the name of NaupUus. The Nauplius jm 

of the genuine barnacles (Fig. 232) has three 

pairs of legs ending in long bristles, with a v \ \ 

single eye, and a pair of antennae, the body \!j 1 

ending in front in two horns, and posteriorly 1 

in a long caudal spine. After swimming 

about for a while, the Nauplius attaches it- 

self to some object by its antennae, and now a 

strange transformation results. The body is 

enclosed by two sets of valves, appearing as if After nirw^iK ' 

bivalved, like a Cypris (Fig. 233) ; the peduncle grows out, 




Pig. 231. - Comnlo 
menUry male of 
pellum r^gium, greatly 
•nlarged. —After Wy» 
vLU*-Thomptoa. 


Fig. 2SO.Sealp«Uitm regium. a, complementary 
mole, lodged within the valvea. — After Wyvllle- 
Tbompsem. 
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concealing the rudimentary antennae, and the feet grow 
snialler, and eventually the bamacle-shape is attained. The 



Fig. 232.— -Nail] )liuM <»f BoXanue bal~ 
inoiUet, much enlarged. 


common barnacle {Balanus halimoides) attains its full size, 
after becoming fixed, in one season, t. e., between the first of 


Aju’il and November. 

Still lower than the genu* 
inc barnacles are the root-bar- 
nacles or Rhizocephala, repre- 
s('n ted by Peltogaster (Fig. 
234) and Sacculina (Fig. 235), 
in wliich the young is a more 
simple Naiiplvus form, like 
the young of the EnUmiostra- 
vdy while the adult is a sim- 
])le sac, containing no diges- 
tive orgtins or nerves. From 
the feet of the young grow 
out, after the animal becomes 
sessile, long root - like fila- 
ments, which ramify in the 
body of the crab, to which 
these animals are firmly an- 
chored. We can conceive of 
no lower, more degraded Crus- 


FIr. 234. — Peltogaster ewrmtus, en- 
larged 1| times, beneath the larva or Nau- 
pllu« of Pnrihenopea, enlarged about 200 
timea.— From Bream's Thierleben. 


tacean than these root-barna- 


cles, the only signs of life being the powerful contractions 
of the roots and an alternate expansion and contraction of 
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the body, forcing the water into the brood-cavity, and again 
expelling it through a wide orifice. These root-barnacles 



recall the Trematode worms, though the 
latter are much more highly organized. 
An allied form {Cryptophialm mmutvs) 
undergoes the larval or Naupliiis stage 
in the egg, hatching in the pupa condi- 


Pig. 2S6.—Saeculina ear- 
cini, natural size, o, base 
of root ; ft, owning for exit 


tion, while another form (a species of 
Peltog aster 9) also leaves the egg in the 


Thierifben 

Order 2. Entoinostraca (Water- fleas). 


— The type of this group is Cyclops (Fig. 230, C. quad- 
ricorniSy see also Fig. 237) in which the body is pear- 


shaped, with a single bright eye in 
the middle of the head ; two pairs 
of antennae, used for swimming as 
well as sense-organs ; biting mouth- 
parts, and with short legs. The 
sexes are distinct, the females swim- 
ming about with two egg-masses 
attached to the base of the ab- 
domen. The young is a Nauplius, 
much like that represented in Fig. 

234, the mouth-organs, the legs 
and abdominal segments arising 
after successive moults, until the 
adult form is attained. Allied to 
Cyclops is Caufliocaviptus caver- 
narum Packard (Fig. 238), an eyed 
species, living in Willie's Spring, in 
Mammoth Cave. 

Many Entomostraca are parasitic, 
and consequently undergo a retro- 
grade development, losing the 
jointed structure of the body, the 
appendages being more or less Fig. 286.~cvc&^>j. eye ; 
aborted, while the body increases curk. 
greatly in size. Such are the fish-lice, represented by the 
Lernma of the cod. 




298 


ZOOLOGY, 


In Lerneonema radiata Steenstnip and Ltltken (Fig. 239), 
we find the lowest term in the series of degradational forms 

of this order. The 
mouth-parts are here 
converted into five 
roots, radiating from 
the head ; the body 
is not segmented, and 
ends in two long egg- 
masses. 

In Penella (Fig. 
241) the body is cord- 
like, buried in the 
flesh of the sun-fish or sword-fish, etc., the females having 
two long, string-like 
egg-sacs. The speci- 
men figured was taken 
from a sword-fish oil 
Portland, Maine. 

In Lemma hrnnchia- 
lis Linn, of the gills of 
the cod, the body ia 
thicker, the root-like 
appendages grow dee]) 
into the flesh of its 
host, like twisted and 
gnarled roots, while the 
8ha[H‘less sac-like body 
is filled with eggs. 

In Adheres f we as- 
cend a step higher in 
the perfection of or- 
gans ; the creature is 
attached by a pair of 

Fig. 2SS,----Canthocanwtw caver- Fig. 239.— 
«ar«m of Mammoth Cave, much Fish-lonae of 

form a sucker, the an- 

tennsB are present, though rudimentary, while 

the abdomen is faintly segmented. A, Carpenteri Packard 

(Fig. 240) lives on the trout in Colorado, 




Fig, 237.— Intcfitlne and tcstia {0 of a copepod 
(Ptfivroma), side view, ffi, mwophagun ; r, stomach ; 
K blind sac leading from the stomach ; i, Intes- 
tine; c, heart ; nd, colled vas deferens.— After Claus, 
from Q<!geubttur. 
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The highest members of the group of sucking Entomo- 
straca are Caligus and A rguhis, in which the body ij seg- 
mented, with antennas and free ^ ^ 
mouth-parts and legs ; the latter 
genus witli compound eyes. Cali- ( 
gus curtus MilHer lives on the cod, 
and Argulus alosm Gould on the / 
alewife. / \ 

Order 3. Branchiopoda, — This I ^\ \ 

order includes such Crustacea as I \ j 
in the higher forms breathe by 1 
rather broad feet. There is a con- 

i siderable range of 
form from tlic 
Ostracoda, rcpre- 
sented by Cgpris, 

in which the feet Adheres of the trout, 

are much as in Cg- 

clops, througli Daplmia and Sida (Fig. 242) 
which represent the Cladocera, up to (he 
Phyllopods. The suborder of Osirucoda 
{Cypris) arebivalved, the shell often thick. 
They have two eyes, two pairs of antennae, 
a pair of mandibles with a jointed feeler 
(palpus) and a gill, and four pairs of feet, 
the second pair often carrying a small gill. 
The shells of certain species allied to Cypris 
abound in the lowest Silurian strata. The 
species live in fresh-water pools and in the 
ocean at various depths. They undergo no 
metamorphosis, the youngest stage being a 
shelled Nauplius. 

The suborder Cladocera is represented by 
fresh and salt-water species. The higher 
forms arc Sida and DapTinia. They are 
caDed water-fleas from their jerky motions. 
The eggs of Daphnia are borne about by 
Pig »ti.-Pciieiia of the females in so-called brood -cavities on 
the sword-fish, feniAie. back Under the shell. There are two 

sorts of eggs, L e», the summer^’ eggs, which are laid by 
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asexual females, the males not appearing until the autumn, 
when tlK‘ females lay the fertilized winter’^ eggs, which are 
surrounded by a very tough shell. Dohrn observed the de- 
velopment of the embryo in the summer eggs. At first the 
embryo has but three pairs of appendages, representing the 
anteniue and one pair of jaws. It is thus comparable with 
the Nauplius of the Copepodous Untomontracd, and thus the 



Cladocera may be said to pass through a Nauplius stage in 
the egg. 

Afterwards more limbs grow out, until finally the embryo 
is provided with the full number of adult limbs, and hatches 
in the form of the mature animal, undergoing no farther 
change of form. 

The members of the suborder Phyllopoda are more highly 
developed lhan any of the Crustacea mentioned, though, like 
tlie Ostracodes and Cladocera, the body is usually partly 
covered by a large caraj)aco (the mandibular segment greatly 
developed), wliieh is sometimes bent down, and opens and 
shuts by an adductor muscle, so that they resemble bivalve 
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Mollusca But they are especially characterized by the 
broad leaf-like feet, subdivided into lobes, and adapted for 
breathing as well as 
for swimming. The 
thorax merges insens- 
ibly into the abdomen. 

The number of body- 
segments varies great- 
ly, there being six- 
teen in Limnetis, the 
simplest form, and 
sixty -nine in ApuSy 
or three times the 
number present in the / 
lobster, the segments Fig. '^.—Limnetls GouldU, much enlarged.- After 
thus being irrelatively 

repeated, a sign of inferiority. There is a pair of simple 
eyes consolidated into one as in lAmnetis and Limnadidy or 

as in ApuSy there is a 
pair of compound eyes, 
situated in the cara- 
pace, apparently on 
one of the antennal 
segments. In Bran- 
chipus and Artemia 
the compound eyes 
are stalked, an antic- 
ipation of the stalked 
eye of the lobster, 
etc., but the eye, it 
should be noticed, is not developed from a separate 
segment, but from one of the two antennal segments. All 
the members of this order hatch in the Nauplius form, the 
three pairs of appendages of the larva, representing the two 
pairs of antennae and the mandibles of the adult. The spe- 
cies live in pools of fresh water liable to dry up in summer ; 
they lay eggs which drop to the bottom, and show great vi- 
tality, withstanding the heat and dryness after the water 
has evaporated ; the young hatching after the rains refill the 
pools or ditches. 



Pig. 244.— Limuadia Agaseizil, enlarged. 
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This suborder presents a beautiful series of increasingly 
complex forms, as we ascend from Limnetu to Branchipus, 
In Limnetis the bivalve shell encloses the ani- 
mal, and is the size of a small flattened pea. 
Tliere are from ten to twelve feet -bearing 
segments. L. Gouldii Baird (Fig. 243) is very 
rare in Canada and New England. The shell 
of Limnadia is thin, oval, and there are from 
eighteen to twenty-six feet-bearing segments. 
L. {EuUmnadia) Agassizii Packard (Figs. 244 
and 245) inhabits pools in Southern New En- 
gland. The shell of Estheria (Fig. 246, Es- 
fik av, — Poro- Belfragei Packard) is sometimes mis- 

ie>; of maio AVim- taken for that of the fresh -water mollusks 

omi ^ Bisidium. The males of the fore- 

oiKiofbody. going genera have the first pair of feet modi- 
fied to form large claspers (Fig. 245). 

In Apu$ the abdomen projects beyond the large carapace, 
and ends in two long many-jointed appendages. There are 
about sixty pairs of feet, each foot 
divided into several leaf -like lobes, 
wherein respiration is carried on. 

Those Phyllopods usually swim upon 
their backs, as in the species of Bran- 
rhipus. The females chiefly differ 
from the males in the presence of an 
orbicular egg-sac on the eleventh pair 
of feet, the sac being a modification of 



Fig. 246.-Shell ol Estheria 
Belfragd^ enlarged three 
timee. 


two of the lobes of the feet, and containing but a few eggs. 
Apm (squalls Packard (Fig. 247, Fig. 249 A, represents the 
larva of a European Apus) inhabits pools in the western 
plains. Lepidurus differs from Apus in having the telson 
spoon-shaped instead of square. L. Couesii Packard (Fig. 
248) occurs on the Rocky Mountain plateau in Utah and 
Montana. It is an intei'esting fact in zoo-geography that 
there are no species of Apus and Lepidurus east of the west- 
ern plains. Apxis has been found by Siebold to reproduce 
parthenogenetically. 

The various species of Branchipus end Artennia have no 
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carapace, the mandibular segment being small and not over- 
lapping the segments behind it The second antenna? are 



ri;i, ix:quali(t, natural size. 


large and in the male adapted for 
clasping. In Thamnoceiilialxcs (Fig. 
250, T. hrachyurus Packard, from 
Kansas) there is a singular shrub- 
like projection of tlie front of the 
head, and the abdomen is spatulate 
or spoon-shaped at the end. Bran- 
cliinectes Coloradensis Pack. (Fig. 
251) is a Eockj Mountain form. 
The brine - shrimp, Arternia^Wyci^ 
only in brine-vats or in the salt 



J^eplilurun Cauesii^ 
i(i<* Hiul dorsal vic'w, natural 



Fig. 249.— a, I.arva of Apttn can- 
cHformis. — After Zaddach. b, 
NaupliuH of Artemia salina of Eu- 
rope. 


lakes of the West and of Southern Europe, Artemia gra- 


cilis Verriil (Fig. 252) has thus far only been found in tubs 
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of concentrated salt water on railroad bridges in New En- 
gland. Artemia fertilis Verrill abounds in Great Salt Lake. 



Pig. 350.— Tharnnocephaliis inalo, natural size, side; and front view, a, 

heacTof the female ; b, end of the body of the female, showing the ovisac. 


They may often be seen swimming about in pairs, as in 
Fig. 253. This species lias a Nauplius young like that of 



Fig. “^l.—Bra/ichhu'ctus Col(»'adtnH^^t Pack. 


the brine-shrimp of Europe (Fig. 249 b). It is a signifi- 
cant fact, bearing on the question of the origin of species, 
that, according to Schmankiewitsch, Jr/emm may change its 
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form, the change being induced by the greater or less saltness 
of the water. Artemia produces young by budding (parthe- 


nogenesis) as well as from eggs. 
A st>ecies observed near Odessa 
produced females alone in warm 
weather; and only in water of 
medium strength were males 
produced. The eggs of Arte- 
inia fertilis have been sent in 
moist mud from Iltali to Mu- 
nich, Germany, and specimens 
raised from the eggs by Siebold, 
proving the great vitality of the 
eggs of these Phyliopods, a fact 
paralleled by the similar vitality 
of the eggs of the king-crab. 
Fig. re]>reseiits the Nau- 

j)lius of the Fluropean brinc- 
shrirnp. 

Onhr 4. — Tviradecnpoda . — 
To this order belong the sow- 
bugs {Lsojxuja) aud the beach- 
fleas {Aniphipoda). In these 
Crustacea there is no oe})halo- 
thorax, but the head is small, 



Fig. 252.-— Brine - 8h rim }>, Artemia 
graAlifty enlarged. «, firnt antenna ; b, 
aecond antenna or claapor ; c, Ktalked 
eye : </, e, jaws ; /, a foot ; <7, egg-pac. 
—After Verrill. 


bearing two pairs of antennae, and a jniir of jaws, and three 


pairs of maxilla}. The thorax is continuous with the abdo- 


men. Respiration is performed by lamellate or leaf-like 


gills on the middle feet in the Amphipods, or on the binder 

abdominal feet in 
the Tsopods. The 
lowest Isopodg arc 
parasitic, they 

^'i.—Arternia fertilis from Great Salt Lake. «, frraduate into tllO 
egg-aac ; c, male claf^pers. ^ t 1 

Amphipods, and 

the higher Amphipods are connected with the shrimps {De- 
mpoda) through a group (probably a suborder) of synthetic 
forma {Palmocarh, Acantliotehon and GampsonyXy Pig. 
Si54) such as are found in the coal formation of Illinois 
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and Europe, which may be called Anthructtrido,., and 
which have antennae and tails like shrimps, but the body 



FIr. fSA.— dmipmtipr /ijnbtiafus of European coal measures, 2!4 times natural 


and liriilis like Amphipods. In tlic IsoiKids the body is flat- 
toned and the bead rather broad. 





Fiff. 265.— Nervous 
“ of I(iof(ra 0- 
— Orawu by J. 
S. Kingsley. 


Fig. 2r>() is a dorsal view of Serolis Gan- 
dichandi Aiidouin and Edwards, with the 
two jmirs of mitounie and jiointed sides of 
ouch thorucic segUionU dissected to show the 
nervous system, the two pairs of antennal 
nerves ; the optic nerves (oj?) sent to the 
eoniponnd eyes. Fig. 257 represents a trans- 
verse seelion of the body, showing the mode 
of insertion of the legs, and the equality in 
the tergal and sternal sides of the body. 
Fig. 259 represents a gill. In the common 
})ill-bng {PorcelUo) aerial respiration is j)er- 
fornied by respiratory cavities situated in 
the abdomen. In Tylos similar cavities are 
fllled with a multitude of branching ca^ca, 
serving for aerial respiration, thus antici- 
pating the tracheary system of insects. 
The nervous system is (juite simple. (Fig. 
255, Idota’a, and Fig. 256, that of i:>eroUs.) 
The digestive canal is straight, consisting 
of a short (esophagus, a membranous stom- 
ach, and usually a short tubular intestine ; 
the liver consisting of several short coeca. 


In Serolis Gaudtehaudi the stomach is somewhat pear- 
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shaped, widest behind, extending a little behind the middle 
of the body. The intestine is about one half as Avide *is the 
stomach. 



Fig. 256 — Dif^pertion of to show the nervous and drawn 

by J. S. Kingsley. 


There is no ccecul enlargement, and no “urinary^’ tubes. 
The sexes are distinct. The young are hatclied in the form 
of the adult, there being no metainorphosis. 

The development of the pill-bug, OniHcns nmrariuH, is 
probably typical of that of most Tetradecapods aiul Deca- 



Flg. 257.— Transverse section of Serc^is. t, t, tergum ; s, s, sternum ; em, wime- 
rum ; eg, episternnm, ut insertion of the legs.— Prepared and drawn by J. B. Kings- 
ley. 

jx)ds (Bobretzky), The first change after fertilization is the 
origin of the formative or primitir^e blastodermic cells at one 
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pole of the egg. This single cell subdivides, its products 
forming the ‘‘blastodermic disk” or outer germ-layer, the 
segmentation of the yolk being partial. The 
third (innermost) and middle germ-layers next 
arise (the same processes go on in certain 
shrim])S, viz. : CTnuyon and ihe 

intestine is formed by an in -])iisliing of the 
outer germ-layer. The limbs now biul out, the 
result of tbe pusliing out of the outer germ- 
layer (ectoderm). The iiervous cord arises from 
tlie ectoderm : the large intestine originates in 
the yolk-sac, its epithelium first 
a})pearing in the liver-sac. Tlie 
heaj't is the last to be formed. Ex- 
ternally the antennae in Onisrns 
and also AsrlJn>< are the first to bud 
out ; the remaining appendages of 
the head and thorax arise contem- 
jioraneously, and subsequently the gii, seroiu- 
abdominal feet. The abdomen in K[ngs\'ey^ ^ 
the Iso])ods is curved u])wards and 
backwards, while in the embryo Amphipods it is bent be- 
neath the body. 

I^he develo])ment of the Amphipods or beach-fleas is 
nearly identical mth that of the Isopods. The eggs of cer- 
tain species undergo total segmentation, while those of other 
species of the same genus (Gammarus) partially segment, as 
in the s})iders, and in a less degree the iiuseets. 

Standing next below Cymothoa, which is of the general 
Iso|X)d shape, but which lives parasitically on the tongue 
and other jiarts of fishes, but which from their parasitic 
habits become slightly changed in form, the females espe- 
cially, sometimes becoming blind, is the family of which 
Bopyrns is a representative. The females (Fig. 262) are par- 
asitic under the carapace of Aarious shrimps. In B. pandal- 
icola Packard n. s})., the females are many times larger than 
the males ; the ventral side of the body is jiartly aborted, 
having been absorbed by its pressure against the carapace 
of its host, which is swollen over it ; it retains its position by 




% rML' 



Fig. 2 5 8.- 
Montu-partH of 
tn, mail- 
dibit* : wu", di-Mt. 
maxilla ; m .r", 
Bccond maxilla*; 
ffip, m axillary 
palpiiH." Drawn 
ny ,1. S. Kings- 
ley. 
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Pig. 260. 




Fig. 26*. 


. 260.~SectloTi of the embryo plll-bng. d, intestine; t. epithelium form- 
mg the walls of the two lobes of the liver ; g, transverse section of the nervous cord ; 
the body. -After Bobretzky. 

11 * more advanced embryo pill-bug. A, heart ; //n, hypodcr- 

mal layer or body-walls ; m, muscular wall of the intestine : e, epithelial lining of the 
intestine ; p, dividing cell-wall between the heart and intestine ; U two lobes of the 
liver ; gr, ganglion, the clear space being filled with the fine granular substance of the 
ga^Hon.— After Bobretzky. 

Pig. ^^.—Bopyru$. A, ventral, j 5, dorsal side of the female; C\ lateral and />, 
dorsal vf^' ot the male ; c*, bead and first thoracic segment ; antenn®— all en- 
larged Packard, del . 
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the sharp hook-like logs around the margin of the body. The 
head has no eyes nor appendages. The male (Fig. 262, (7, D) 
is but slightly modified, is very minute, and is lodged partly 
out of sight under the ventral plates of the female, whose 
body is about five millimetres (a fifth of an inch) in length. 



Fig. 263.--vlrc<Mrutf ydih its young clinging to its antennte.— After Wjrville* 

Thompson. 


Various species of Porcellio (sow -bugs) live under stones 
on land ; and allied to Asellus, the water sow-bug, is the 
marine Limnoria Iignorinn White, wdiich is very injurious 
to the piles of bridges, wdiarves, and any submerged wood. 
The highest Isopods are Idotwa, of which /. irroratns Say 
(Pig. 255) is our most abundant species, being common in 
eel-grass, etc., between and just below tide-marks ; and.^r^ 
turns (Fig. 263, A. Baffini Sabine), from the Arctic seas. 
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The series of Amphipods begins with Cyamus ceti (Linn.), 
the whale-louse, passes into Oaprella, with its linear body 
and spider-like legs, to Hyperiay which lives as a mess-mate 
of the jelly-fish, Cyanea^ and culminates in the water-flea 
{Gammarus ornatus Edwards) and sand-flea agilia 

Smith), abundant and lea})ing in all directions from under 
dried sea-weed at high-water mark. 

Fig. 2C4 represents Gammarus rohustus Smith, a fresh- 
water form common in the western territoric's. 



Fig. 'i2l^..~-Gmninarus I'oftmtus fixwhh. Utah. Enlarged.— After Smith. 

Order 5. Phyllocarida , — This name is proposed for a 
group of Crustacea, the forerunner of the Decapoda and 
hitherto regarded as simply a family {NehaUada*)y\x\ which 
there is an interesting combination of Copepod, Fhyllopod, 
and Decapod characters, with others (juito peculiar to them- 
selves. * The type is an instance of a generalized one, and is 
very ancient, liaving been ushered in during the earliest Si- 
lurian period, when there were (for Crustacea) gigantic forms 
{Dithyrocaris was over one foot in length) compared with 
those living at the present day. The order connects the 
Decapods with the Phyllopods and lower orders. The mod- 
ern Nehalia is small, about a centimetre (.40-. 50 inch) in 
length, with the body compressed, four of the abdominal 
segments projecting beyond the carapace, the last abdominal 
segment bearing two large spines. There is a large ro.strum 
overhanging the head ; stalked eyes, and two pairs of anten- 
nae, the second pair nearly as long as the body and raany- 
jointed. The mandibles are succeeded by two pairs of max- 
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illae. Behind these mouth-parts are eight pairs of short, leaf- 
like respiratory feet, which do not project beyond the edge of 
the carapace. These are succeeded by four pairs of large, 
Jong swimming feet, and there are two additional pairs of 
small abdominal feet. There is no metamorphosis, develop- 
ment being direct the young hatching in the form of the 
adult. Of the fossil forms, Iltfmenocaris was regarded by 
Salter as the more generalized type. The genera Peltocaris 
and Ducinocaris characterize the Lower Silurian period ; 
Cpi'afioraris the upper ; T)idyocaris the Upper Silurian and 
Lowest Devonian strata ; Difliyrocaru and Argtis the Car- 
boniferous period. Onr northeastern and arctic species is 
Nehalia hipcs (Fabriciiis), which occurs from Maine to Green- 
land. 

Or (hr d. StormtpodiL In the small group represented by 
Squilla the gills are attached to the base of tlie hinder ab- 
dominal feet. Sfpdlla lives in holes below low-water mark. 

Order 7. Deextpoda {Slirimj)^, Lobsters, Crabs ), — A gen- 
eral knowedge of the Crustacea I’opresenting this, the high- 
est order of the class, may be obtained by a study of 
t he craw-fish and lobster. All Decapods have twenty seg- 
ments in the body, a carapace covering the thorax and con- 
cealing the gills, which are highly specialized and attached 
to the maxillipedes and to the legs ; usually a pair of stalked 
eyes, two unecjual pairs of antenna?, the hinder pair the 
larger and longer ; a pair of mandibles, ofien provided with 
a palpus, two pairs of lobed maxilla?, three pairs of maxilli- 
pedes, while the name of the order is derived from the fact 
that there are five pairs of well-marked legs, or ten in all. 
To the abdomen are appended six pairs of swimming feet, 
called swimmerets.’’ Another distinctive characteristic of 
most, in fact all the higher Decapods, is the short, or five 
or six-sided heart. 

The early phases of cmbryological development in the De- 
capods are much as in the Tetradecapods. Most Decapods 
leave the egg in a larval state called the Zo'<^a. Certain 
Zob8B having originally been supposed to have been adult 
Crustaceans, were described under the name ZoM. In this 
condition there are no thoracic feet, and usually at first no 
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abdominal feet; the compound eyes are large and usually 
sessile, and the carapace is often armed with a long dorsal 
and frontal spine. Fig. 265 represents the Zoea, or larva of 
the common shore crab {Cancer irroratus Say). After sev- 



eral moults, the thoracic legs appear, the mouth -parts 
change from swimming -legs to appendages fitted for pre- 
paring the food to be swallowed and digested. This stage 
in the short-tailed Decapods or crabs, is called the Mega- 
lops stage (Fig. 266); certain immature crabs having been 
mistaken for and described as mature Crustacea, under the 
name Megalops. After swimming about the surface in the 
Zo’^ and Megalops conditions, the body becomes more bulky, 
more concentrated headwards, and the crab descends to the 
bottom and hides under stones, etc. 

The development of the individual crab is, in a general 
sense, an epitome of the development of the order. In the 
lowest Decapods, as in Cuma and Mysis, the form is some- 
what like an advanced ZoSa, while the remarkable concentra- 
tion of the parts headwards, seen in the crabs, is a great 



314 


ZOOLOGY, 


step upwards. Dana’s law of cephalization, or transfer of 
parts headwards, is more strikingly manifested in the Crus- 
tacea than in any other animals. 

Nearly all Decapods undergo this decided metamorphosis ; 
in only a few forms, such as the craw -fish, lobster, and a few 
shrimj^^ and crabs, do the young leave the egg in the general 

form of the adult, the 
Zoea stage being rap- 
idly assumed and dis- 
carded during em- 
bryonic life. Most 
Crustacea bear their 
eggs about with 
them ; in only a few 
cases, as the Squilla 
and the land-crab of 
the West Indies, are 
the eggs left by the 
parent in holes or on 
the sea-shore. 

The Decapoda are 
divided into the 
S ch izop oda, repre- 
sented b y Mysis ; 
the Oiunacea, repre- 
sented by Cuma j the 
long-tailed Decapods, 
Fig. 206.-Mcfialop8 of the Crah.-After Smith. the shrimpS 

and lobster, called 
Macrura, and the genuine short-tailed Decapoda, or Bra- 
ckynra. Most of the species of the crabs are confined to 
tropical seas and live in shallow water. 

The Decapods api)eaTed in the Coal Period, and were rep- 
resented by somewhat generalized forms, such as Anthra- 
(Fig. 307) from the coal measures of Illinois. 
Recently a genuine crab {Brachijpyffe carhonis) has been 
described by Woodward from the carboniferous formation 
of Belgium. 

Crustacea, especially shrimps and crabs, are sensitive to 
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shocks and sounds. When alarmed, lobsters are said to 
cast off their large claws, but the latter are again re- 
newed. It is more probable, however, that the claws are 
tom off during their contests with each other. Henseii 
found that crabs and shrimps liv- 
ing in water do not notice sounds 
made in the air. The hairs about 
the mouth are the organs of bic- 
tile sense, and have been made by 
Hensen to vibrate to certain sounds. 

The eyes may be greatly devel- 
oped in shrimps living at great 
depths ; thus a shrimp 

living near the bottom of the At- 
lantic Ocean, is remarkable for the 
large size of its eyes. In the spe- 
cies of Alphens, wliich live in holes 
in sponges, etc., the eyes are small. 

The eyes of the blind Willcnmsia, ^ 

_ , I , , , fi-od Worthen. 

dredged at great depths by the 
‘‘Challenger” Expedition, are rudimentary, though in the 
young the eyes are better developed. This is the case with 
the young of the blind craw-fish CamharriH pellucidus (Tell- 
kampf, Fig, 208) of Mammoth and other caves. The fact 
that the eyes in the young arc larger than in the adult indi- 
cates that this species has descended from other forms living 
in neighboring streams, and well endowed with the sense 
of sight. The eye (Fig. 269) of the blind craw-fish differs 
from that of the normal species in its smaller size, conical 
form, the absence of a cornea (indicated by the dotted lines 
in the pigment cells being white instead of black, and 
by differences in the form of the brain, that of the blind 
species being fuller on the sides, and wanting tlie conical 
projection in front. 



Fig. 267.-^ 


nthrapalcemon gra- 
Natural size. — After Meek 


Subclass 2. Palmocarida . — This subclass is proposed for 
the king-crab (Limnlus), the only survivor of a large num- 
ber of fossil Crustacea, which dominated the Silurian seas 
and became mostly extinct in the Carboniferous period. 
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It comprises the order of Merosfomafa represented at the 
present day by the king-crab, and the order Trilobita, which 
is wholly extinct. The organization of the king-crab is so 



pelluddu,, the blind craw-fish of Mammoth Cave. Natural 

wholly unlike that of other Crustacea, when we consider 
the want of antenna, the fact that the nervous system is 
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peculiar in form and also ensheathed by arteries, and the 
peculiar nature of the gills of the abdominal feet, as well as 
the highly developed system of blood-vessels ; that we are 
obliged to place them in a subclass equivalent to all the other 



Crustacea. It is possible that future research may prove that 
the PnlcBOcarida should form a distinct class of Arthropods, 
equivalent on the one hand to the Crustacea and on the 
other to the Insecta, but from the fact that they hreatlie like 
other Crustacea by external gills, we prefer to retain them 
as a subdivision of the class of Crustacea. 

Order J. Merostoinata , — The only living representative of 
this order is tlie king-crab, belonging to ilio genus Limulus, 
represented in American waters by Limuliis Polyj^hemMs 
Linn., which ranges from Casco Bay, Maine, to Florida 
and the West Indies. 

The body of the king-crab is very large, sometimes nearly 
two feet in length ; it consists of a cephalo-thorax compos(?d 
of six segments and an abdomen with nine segments, tlie 
ninth (telson) forming a long spine. The cephalo-thorax is 
broader than long, in shape somewhat like that of Apus, 
with a broad flat triangular fold on the under side. Above 
are two large lunate compound eyes, near the middle of the 
head, but quite remote from each other, and two small com- 
pound eyes situated close together near the front edge of the 
head. There are no antennae, and the six pairs of append- 



318 


ZOOLOGY. 


ages are of uniform shape like legs, not like mandibles or 
maxillae, and are adapted for Avalking ; the feet are pro- 
vided with sharp teeth on the basal joint for retaining the 
food. The mouth is situated between the second pair; the 
first pair of legs arc smaller than the others. All end in 
two simple claws, except the sixth pair, which are armed 
with several s])atulate appendages serving to prop the crea- 
ture as it burrows into the mud. The males differ from the 
females in the hand and ojixiosing thumb of the second pair 
of ft?et. These cephalo-thoracic appendages are quite as dif- 
ferent from those of other Crustacea as those of the mites 
and spiders, which have a pair of mandibles and maxillae, 
the latter jirovided with a palpus. A])pended to the ab- 
domen are six pairs of broad swimming feet, of which the 
second pair bear on tlie under side a set of about one hundred 
respiratory leaves or plates, into which the blood is sent 
from the heart, passing around the outer edge and return- 
ing around the inner edge. This mode of respiration is like 
that of the Isopods. 

The alimentary canal consists of an fcsophagus, which 
rises directly over the mouth, a stomach lined with rows of 
large cliitinous teeth, with a large conical, stopper-like valve 
projecting into the posterior end of the body : the intestine 
is straight, ending in the base of the abdominal spine. The 
liver is very voluminous, ramifying througliout the cephalo- 
thorax. The nervous system is quite unlike that of otlicr 
Crustacea ; the hrain is situated on the floor of the body in 
the same ])lane as the rest of the system, and sends a pair of 
nervTs to the eom])ound eyes, a single nerve supplying the 
ocelli.* Tlie feet are all supplied with nerves from a thick 
ring surrounding the msophagus. Idle nerves to the six 
pairs of abdominal legs arc sent off from the ventral cord. 


* The nervous system of Limulusisquite unlike that of the Scorpion, 
where the brain is situated in the upper part of the head and supplies 
the maxillfie with nerves, and is situated directly over the infraceso- 
phageal ganglion ; and, besides, there is no oesophageal ring as in 
Limiilus, only the two commissures counectiug the brain with the 
infraoesophageal ganglion as usual in the Neocarida and Arachnida in 
general. 



Fig. 270.— Nervons and part of the circulatory gystern of Limuhia polyphemw, the 
King-Crab, a, vent ; o’, oegophague ; b, brain ;'o, nerve to the gmalier eyew ; o', nerve 
to the larger eyc8 ; 8, nerve-ring around the WiHophagus. All the ncrvcis are surround- 
ed hy an arterial coat.— After Milne Edwards. 

is sent out from the arteries branching from the front end 
of the heart flowing around the upper side of the edge of the 
cephalo-thorax through numerous minute vessels. Also there 
are a pair of branchial arteries, and two arteries in tlie base of 
the apine. 
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The arrangement of the ventral system of arteries is very 
peculiar and quite characteristic of this animal. The oeso- 
phageal nervous ring, and in fact the entire nervous cord, is 
ensheathed in a vascular coat, so that the nervous system 
and its branches are bathed by arterial blood. The veins 
are better developed than usual ; there being in the cephalo- 
thorax two large colleetive veins along each side of the in- 
testine. 

Closely connected with the two large collective veins are 
two large yellowish glandular bodies each with four branches 
extending up into the dorsal side of the cephalo-thorax. 
They are probably renal in their nature. 

Both the ovaries and testes are voluminous glands, each 
opening by two papillae on the under side of the first ab- 
dominal feet. At the time of spawning the ovary is greatly 
distended, the branches filled with green eggs. 

Unlike most Crustacea, the female king-crab buries her 
eggs in the sand between tide-marks, and there leaves them 
at the mercy of the waves, until the young hatch. The eggs 
are laid in the Northern States between the end of May and 


at 



Fig. 271. Fio. 272. 

King-crab, enlarged ; am, serous membrane ; cA, chorion. 
Fig. 272.-- The Paine, more advanced. 

early in July, and the young are from a month to six weeks 
in hatching. 

After fertilization the yolk undergoes total segmentation, 
much as in spiders and the cmw-fish. When the primitive 
disk is formed the outer layer of blastodermic cells peels off 
soon after the limbs begin to appear, and this constitutes 
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the serous membrane (Fig. 271, am), which is like that of 
insects. 

Then the limbs bud out ; the six pairs of cephalic limbs 
appear at once as in Fig. 271. Soon after the two basal 
pairs of abdominal leaf-like feet arise, the abdomen be- 
comes separated from the front region of the body, and 
the segments are indicated as in Fig, 272. A later stage 
(Fig. 273) is signalized by the more highly developed dorsal 
portion of the embryo, an increase in size of the abdomen, 
and the appearance of nine distinct abdominal segments. The 
segments of the cephalo-thorax are now very clearly defined, 
as also the division between the cephalo-thorax and abdomen, 
the latter being now nearly as broad as the cephalo-thorax, 
the sides of which are not spread out as in a later stage. 




Fig. 273.— King-crab shortly before hatching ; trilobitic stage, enlarged ; side and 
dorsal view. 


At this stage the egg-shell has split asunder and dropped 
off, while the serous membrane, acting as a vicarious egg- 
shell, has increased in size to an unusual extent, several 
times exceeding its original dimensions and filled with sea- 
water, in which the embryo revolves. 

At a little later period the embryo throws off an embry- 
onal skin (amnion), the thin pellicle floating about in the 
egg. Still later in the life of the embryo the claws are de- 
veloped, an additional rudimentary gill appears, and the 
abdomen grows broader and larger, with the segments more 
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distinct ; the heart also appears, being a pale streak along 
the middle of the back extending from the front edge of 
the head to the base of the abdomen. 

Just before hatching the head-region spreads out, the ab- 
domen being a little more than half as wide as the cephalo- 
thorax. The two compound eyes and tlie pair of ocelli on 
the front edge of tlie head are quite distinct ; the append- 
ages to the gills appear on the two anterior pairs, and the 
legs are longer. 

The resemblance to a Trilobitc is most remarkable, as 
seen in Fig. 273. It now also closely resembles the fossil 
king-crabs of the Carboniferous formation (Fig. 274, Prest- 
wichia rofundahts, Fig. 275, EnproOps Dance). 

B 


Fig, 275.— EuproOps, natural size.— 
After W orthen. 

In about six weeks from the time the eggs are laid the 
embryo hatches. It now differs chiefly from the previous 
stage in tlie abdomen being much larger, scarcely less in 
size tlian the cephalo-thorax ; in the obliteration of the seg- 
ments, except where they are faintly indicated on the car- 
diac region of the abdomen, while the gills are much larger 
than before. The abdominal spine is ver}^ rudimentary ; it 
forms the ninth abdominal segment. 

The reader may now compare with our figures of the re- 




Flg. 271.— Prest wichia, natural .sizc.- 
After Wortlion. 
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cently hatched Limulus (Fig. 276), that of Barrande^s larva 
of Trinuclmis ornatus (Fig. 277, natural size and enlarged). 
He will see at a glance that the young Trilobite, born with- 
out any true thoracic segments, and with the head articu- 
lated with the abdomen, closely resembles tlie young Limu- 
lus. In Limulus no new segments are added after birth ; 
in the Trilobites the numerous thoracic segments are add- 
ed during successive moults. The Trilobites thus pass 
through a well-marked metamorphosis, though by no means 
so remarkable as that of the Decapods and the Phyllopods. 



Pig. 276. - Larva of the King-crab. 


The young king-crabs swim briskly up and dowm, skim- 
ming about on their backs like Phyllopods, by Happing tlieir 
gills, not bending their bodies. In a succeeding moult, whicli 
occurs between three and four weeks after hatching, the 
abdomen becomes smaller in proportion to the head, and the 
abdominal spine is about three times as long as broad. At 
this and also in the second, or succeeding moult, which oc- 
curs about four weeks after the first moult, the young king- 
crab doubles in size. It is probable that specimens an inch 
long are about a year old, and it must require several years 
for them to attain a length of one foot. 

The Limuli of the Solenhofcn slates (Jurassic*) scarcely 
differed in appearance from those of their living descend- 
ants. 

LimuluSy Prestwichiay BellinuruSy and Euprodps form 
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the representatives of the suborder Xiphosura. The second 
suborder Eurypterida is represented by extinct genera Ptery- 
gotus, Eurypteriis and allies which appeared in the upper 
Silurian Period and became extinct in the Ooal Period. In 
these forms the cephalothorax is small, flattened and nearly 
square, while the abdomen is long, with twelve or thirteen 
segments, the last one forming a spoon-shaped or acute 
spine. The appendages of the cephalothorax were adapted 
for walking, one pair sometimes large and chelate ; the 
hinder pair paddle-like. The gills were arranged like the 
teeth in a rake, the flat faces being fore and aft. While the 
king-crab burrows in the mud and lives on sea-worms, th(i 
Eurypterida probably swam near the surface, and were more 
predatory than the king-crabs. The Merostormta are a gen- 
eralized type, with some resemblances to Xha Arnclinida as 
well as to tlie genuine Crustac^ea, representing the larval or 
Zoea form of the Hecapods. 

Order 2. Trilohita. — The members of this group are all 
extinct. Tho. body has a thick dense integument like that 
of Lirnuhis, and is often variously ornamentc'd with tuber- 
cles and spines. The body is divided into three longi- 
tudinal lobes, the central situated over the region of the 
heart as in Limulus, The body is more specialized than in 
the Merosiomata, being divided into a true head consisting 
of six segments bearing jointed appendages, somewhat like 
those of the Merostoynafay with from two to twenty-six dis- 
tinct thoracic segments (probably bearing short jointed limbs 
HOC extending beyond the edge of the body, -which support- 
ed swimming and respiratory lobes). The abdomen consisted 
of several (greatest number twenty-eight) coalesced segments, 
forming a solid })ortion {pygidiurn), sometimes ending in a 
spine, and ])robably bearing membranous swimming feet. 
The larval trilobite was like that of a king-crab, and after a 
number of moults acquired its thoracic segments, there being 
a well-marked metamorihosis. The Trilobites {Paradoxides, 
AgnosiuSy etc.) appeared in the lowest Silurian strata, cul- 
minated in the upper Silurian, and died out at the close of 
the Coal Period. 
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Class. I. CRUSTACEA. 

Arthropod/i breathing by gills Hituated on the legs, or rcspinng through 
the body-walls. Body in the higher forms divided into (wo regions, a 
cephalo-thorax and abdomen. Two pairs of antenna ; mandibles usu- 
ally with a palpus. Heart nearly square, or in the lower forms tubular. 
Often a distinct metamorphosis. Sexes distin<^t, excejyt in a few cases 
{certain barnacles, etc.). 

Subclass 1. Neocarida. — Genuine Crustacea, with two pairs of anten- 
nae; biting mouth parts ; mostly modern types. 

Order 1. Cirripedia. — Sessile often retrograded ; antennae not devel- 
oped, living parasitically, the appendages of the liead some- 
times forming net-like organs. Young hatched in the naii- 
plius state. Suborder 1. — Rhizocepliala (Sacculina. Pelto- 
gaster). Suborder 2. — Genuine Cirripedia (Balauus, Lepas.) 

Order 2. Entomostraca. — A cephalo-thorax developed ; mandibles and 
three pairs of maxillae ; five pairs of thoracic feet, no ab- 
dominal feet ; without any gills. The parasitic forms more 
or less modified in shape, with sucking mouth-parts ; all 
the young of the nauplius form. Suborder 1. Copepoda 
(Cyclops). Suborder 2. (Lernica, Caligus,and 

Argulus). 

Order 3. Branchiopoda. Thoracic feet leaf-like ; one to three pairs of 
maxilla) ; number of body -segments varying from a few to 
sixty ; cephalo-thorax often well developed, and forming a 
bivalved shell. Young usually a Nauplius. Suborder 1. 
Ostracoda {CypriB). Suborder 2. Cladocera {DB.p\mm). Sub- 
order 3. Phyllopoda (Liranadia, Apus, Branchipus, and Ar- 
temia.) 

Order 4t. Phyllocarida. — Body compressed; rostrum distinct from the 
carapace ; thoracic feet leaf-like ; no metamorphosis. (Ne- 
balia.) 

Orders. — Tetradecapoda. — No cephalo-thorax, thoracic segments dis 
tinct ; respiration often carried on by the abdominal feet. 
Suborder 1. Isopoda (Idotaea, Asellus). Suborder 2. Am- 
phipoda (Gainmarus). 

Order 6. Stomapoda. — Abdominal feet respiratory. (Squilla.) 

Order 7. Decapoda. — Cephalo-thorax well marked, abdomen often bent 
beneath the cephalo-thorax ; breathing by gills attached to 
the maxillipedes and legs. Heart often nearly square. 
Usually a well-marked metamorphosis ; young called a 
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ZoU. Sal>order 1. Cumacea (Cuma), Suborder 2. Sclm^ 
opoda{UyB\B), Suborder 3. ifacrwm (Crangon, Astacus, Ho- 
marus). Suborder 4. Braehyura (Cancer). 

Subclass 2, Pal(roearida.~A ppendages of the ceplialo-thorax i n the form 
of legs, rather than jaws ; no antennae ; brain supplying 
nerves to the eyes alone ; nerves to the cephalo thoracic ap- 
pendages sent off from an oesophageal ring ; nervous system 
ensbeathed by a ventral system of arteries; metamorphosis 
slight. Sexes distinct. 

Order 1. Merostomata.—^o distinct thoracic segments and appendages. 
(Limulus, Eurypterus.) 

Order 2. TnlobUa.—^nmeroiiii free thoracic segments and jointed ap- 
pendages. (Agnostus, Paradoxide.s, Calymene, Triniicleus, 
Asaphus ; all extinct.) 

Classification of the Subclasses and Obders of Crustacea. 



Nkocarida. 


I 

Crustacea. 


Pal^ocarida. 


Laboratory Worlc . — In dissecting the lobster, the shell or crust may 
be removed by a stout knife ; the whole dorsal portion of the cephalo- 
thorax and each segment behind, including the base of the telson, 
should be removed, care being taken not to injure the brain, which lies 
just under the base of the rostrum. The hypodermis, or reddish, mem- 
branous, Inner layer of the integument, should then he dissected away, 
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exposing tlie heart, the stomach, the liver, and the large muscles of 
the abdomen. The arterial system can be injected with carmine 
through the heart, and the finer arteries traced into the large claws 
and legs. In the crab, the entire upper side of the carapace may bo 
removed by the point of a knife. The smaller Crustacea, especially 
the water-fleas, may be examined alive under the microscope as trans- 
parent objects. In the larger forms the stomach may be laid open by 
the scissors in order to study its complicated structure. Tlie eyes of 
the lobster should be hardened in alcohol and fine sections made for 
the microscope. This is an operation requiring much care and expe- 
rience. Experts in embryology have sliced tlie eggs of certain Crusta- 
cea and studied their embryology with great success. 


Class II. — Ikslcta {Centipedes, Mites, Spiders, Winged 
Jnsects), 

General Characters of Insects.— While in tlie worms 
there is no grouping of the segments into regions, wo have 
seen that in most Crustacea there are two assemblages of 
segments — ?. e,, a head-thorax and alidonien. In the insects 
there is a step higher in the scale of life, a head is separated 
from the rest of the body, which is divided into three 
regions, the head, thorax, and hind-body (abdomen). More- 
over, the insects differ from the Onistacea in lireathing by 
internal air-tubes which open through breathing-holes 
(spiracles) in the sides of the body. Tlie six-footed insoets 
also have wings, and their presence is correlated with a 
differentiation or subdivision of the two hinder segments 
of the thorax into numerous pieces. 

The number of body-segments in winged insects is seven- 
teen or eighteen — i, e,, four in the head, three in the thorax, 
and ten or eleven in the hind-body. In spiders and mites 
there are usually but two segments in the head, four in the 
thorax, and a varying number (not more than twelve) in 
the abdomen ; in Myriopods the number of segments varies 
greatly — i, e,, from ten to two hundred. The appendages 
of the body are jointed, and perform four different func- 
tions — i, e,, the antonnje are sensorial organs, the jaws and 
maxillae are for seizing and chewing or sucking food ; the 
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thoracic appendages are for walking, and the spinnerets 
of the spider, as well as the sting or ovipositor of many 
insects, are subservient in part to the continuance of the 
species. 

Of the winged insects there are two types : first, those in 
which the jaws and maxillae are free, adapted for biting, as 
in the locust or grasshopper, and, second, those in which 
tlie Jaws and maxilla? are more or less modified to suck or 
lap up liquid food, as in the butterfly, bee, and bug. 

f^carly all insects undergo a metamorphosis, the young 
being called a larva (caterpillar, grub, maggot) ; the larva 
transforms into a pujja (chrysalis), and the pupa into the 
adult (imago). 

In order to o])tain a knowledge of the structure, external 
and internal, of insects, the student should make a careful 
study of the anatomy of a locust or grasshopper witli the aid 
of the following description ; and afterwai’d rear from the 
egg a caterpillar and watch the different sf,e])s in its metamor- 
phosis into a [mpa and adult. The knowledge thus acquired 
will be worth nioK? to the student than a volume of dcscrii)- 
tions. 

On making a sii])erficial examination of the locust {Calop- 
ffnnvr-riibnnn^ or O. ,^]>retus), its body will he seen to 
consist of an external crust, or tliiek, liard integument, pro- 
tecting the soft ])arts or viscera within. This integument 
is at intervals segmented or jointed, the segments more or 
less like rings, wliieh, in turn, aa*e subdivided into pieces. 
These segments are most simple and easily comprehended 
in the abdomen or hind -body, which is composed of ten of 
them. The ])ody consists of seventeen of these segments, 
variously modified and more or less imperfect and difficult 
to make out, especially at eacli extremity of the body — 
?*.f?.,in the head and at the end of the abdomen. These 
seventeen segments, moreover, are grouped into three re- 
gions, four composing the head, three the thorax, and ten 
the hind-body, or abdomen. On examining the abdomen, 
it will be found that the rings are quite perfect, and that 
each segment may be divided into an upper (tergal), a lateral 
(pleural), and an under (sternal) portion, or arc (Fig. 278, A), 
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These parts are respectively called tcrgiiGy pleuriiey nnd 
sternite, while the upper region of the body is called the 




Fig. 278.— Extenml anatomy of Caloptemts ftpretuf<, tbo heaft and thorax dinjoinied. 
vpt uropataglum; /, furcula : d, cercus,— Drawn by J. S, Kingsley. 

terguMy the lateral the pleurmiy and the ventral or under 
portion the sternum. 
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As these parts are less complicated in the abdomen, we 
will first study this region of the body, and then examine the 
more complex thorax and head. The abdomen is a little 
over half as long as the body, the tergum extending far 
down on the side and merging into the plourum without 
any suture or seam. The pleurum is indicated by the row 
of spiracles, which will be noticed further on. The sternum 
forms the ventral side of the abdomen, and meets the pleu- 
rum on the side of the body. 

In the female (Pig. 278, 7?), the abdomen tapers some- 
what toward tlie end of the body, to which are appended 
the two pairs of stout, hooked spines, forming the oviposi- 
tor (Pig. 278, />, ?•, r'). The anus is situated above the upper 
and larger pair, and the external opening of the oviduct, 
which is sitinitcd between the smaller and lower pair of 
spines, and is bounded on tlio venti*al side l)y a movable tri- 
angular acute llap, the egg-guide (Pig. 278. eg, and Fig. 
281). 

Tlic thorax, as seen in Fig. 278, consists of three seg- 
ments, called the ])rothorax, mesothorax, and metathorax, or 
fore, middle, and hind thoracic rings. They each bear a 
])air of legs, and the two Jiinder each a 2)air of wings. The 
u])])er ])ortion (tergum) of the middle and hind segments, 
owing to the presence of wings and the necessity of freedom 
of movement to the muscles of flight, are divided or differ- 
entiated into two pieces, +he scutuvi and scutellum*- (Fig. 
278), the former the larger, extending across the back, and 
the scutellum a smaller, central, shield-like piece. The 
pro tergum, or what is usually in the books called the pro- 
thorax, represents either the scutum or both scutum and 
scutellum, the two not being differentiated. 

The fore wings are long and narrow, and thicker than 
the hinder, wdiich are broad, thin, and membranous, and 
most active in flight, being folded up like a fan when at 
rest and tucked away out of sight under the fore wings, 
which act as wing-covers. 

* There are in many insects, as in many LepidopUra and Hymenop- 
iera and soma JSfeuroptcr a, four tergal pieces — i. e., praescutum, scutum, 
ecutellum, and postscutellurn, the first and fourth pieces being usually 
veiy email and often obsolete. 



Fig. 279 ,— Male Cctlopienm spretus.—'D^^&^t^ and drawn by J. S. Kingsley. 


r#mrAs«] 







332 


ZOOLOGY. 


Turning now to the side of the body under the insertion 
of the wing (Fig. 279), we see that the side of each of the 
middle and hind thoracic rings is composed of two pieces, 
the anterior, cjmternum, resting on the sternum, with the 
einmerum behind it ; these pieces are vertically high and 
narrow, and to them the leg is inserted by three pieces, 
called respectively troehantine, and irochinter Fig. 
279), the latter forming a true joint of the leg. 

The legs consist of five well-marked joints, the femur 
(thigh), iibiu (shank), and tarsus (foot), the latter consist- 
ing in the locust of three joints, the third boai*ii]g two large 
claws with a pad between them. The iiind legs, especially 
the femur and tibia, are very large, adapted for hopping. 

The sternum is broad and large in the middle and hind 
thorax, but small and o})scurely limited in the i)rothorax, 
with a, laj’ge conical ])rojection between the legs. 

liead is mainly in the adult locust eonijuxsed of a sin- 
gle ])iece called the cpicraniuni (Figs. 279 and 280, E), which 
carries the compound eyes, oceBp or sini])le eyes (Fig. 280, 
c), and antenna*. While tJiere are in real- 


S il y four j)riniarv segments in the head of 
all winged insects, corresponding to the 
four ])alrs of a]) 2 Kuidages in tlic head, the 
posterior three segments, after early em- 
bryonic life in the locust, become obsolete, 
and are mainly reiiresented by their ap- 
pendages and by small portions to wdiich the 
a]ipendages are attached. The epicranium 
represents the antennal segment, and 
mostly corresponds to the tergum of the seg- 
dyrSinTT meiit. The antennae, or feelers, are in- 
scrted ill front of the eyes, and between 
them is the anterior ocellus, or simple eye, 
by the itibrum ; j?, while the two posterior ocelli are situated 

mftxillarv palpim; y/, j. i • i. , i , t 

iai)i^j)afpuB.— Kiiigs- aoovc the insertion of the antennae. In 
^ ‘ front of the epicranium is the clypeus (Fig. 

280), a piece nearly twice as broad as long. To the clypeus 
is attached a loose flap, which covers the jaws when they 
ai'e at rest. This is the ujiper lip or labrum (Fig. 280). 


uni ; (\ cl.vpou8 ; Jj, 
labrum; oo, oc<‘l]i; e, 
eye; a, antenna; vid, 
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There are three pairs of mouth-appendages : first, the true 
jaws or mandibles (Fig. 278), which are single-jointed, and 
are broad^ short, solid, with a toothed cutting and grinding 
edge, adapted for biting. The mandibles are situated on 
each side of the mouth -opening. Behind the mandibles 
are the maxillie (Fig. 278), which are divided into three 
lobes, the inner armed with teeth or spines, the middle lobe 
unarmed and spatula-shaped, wliile the outer forms a five- 
jointed feeler called the maxillary palims. The maxilhe ai o 
accessory Jaws, and probably serve to hold and arrange tlie 
food to be ground by the true jaws. The floor of fhe mouth 
is formed by the lahium (Figs. 278 and 279), whiiih in real- 
ity is composed of the two second maxilla^ soldered together 
in the middle, the two halves being drawn separately in Fig. 
278. 

Within the mouth, and situated upon tlie labium, is the 
tongue {luigua), whieli is a large, membranons, })artly hol- 
low expansion of the base of the labrum ; it is somewliat 
pyriform, slightly keohnl above, and covered with fine, stiff 
hairs, whieli, whem magnified, are seen to he long, rough, 
chitinous s])iiics, witli one or two sligljt points or tuhorcles 
on the side. Tlu'se stilf hairs imdiahly servo to rehiiii the 
food in tlio montli, and are, a])])arently, of the same struc- 
ture as the teeth in tlic crop. Tlie base of tlio tongue is 
narrow, and extends liack to near the jdiarynx (or entrance 
to the gullet), there being on the floor of the month, behind 
the tongue, two ol)li(pic slight ridges, covered with stiff, 
golden hairs, like those on the tongue. 

The internal anatomy may be studied by removing the 
dorsal wall of the body and also by hardening the insect 
several days in alcohol and cutting it in two longitudinally 
by a sharp scalpel. 

The oesophagus (Fig. 281, oe) is short and curved, eontin- 
uons with the roof of tlie mouth. Tlicrc are several longi- 
tudinal irregular folds on the inner surface. It terminates 
in the centre of the head, directly under the snpra-o;so]>ha- 
geal ganglion, the end being indicated liy several small eoni- 
cal valves closing the passage, thus preventing tlie regurgita- 
tion of the food. The two salivary glands consist each of a 
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bunch of follicles, emptying by a common duct into the floor 
of the mouth. 

The oesophagus is succeeded by the crop {ingluvies). It 
dilates rapidly in the head, and again enlarges before pass- 
ing out of the head, and at the point of first expansion or 
enlargement there begins a circular or oblique series of folds, 
armed with a single or two alternating rows of simple spine- 
like teeth. Just after the crop leaves the head, the rugae or 
folds become longitudinal, the teeth arranged in rows, each 
row formed of groups of from three to six teeth, which 
point backward so as to push the food into the stomach. 
In alcoholic specimens the folds of the crop and cesophagus 
are deep blood-red, while the muscular portion is flesh-col- 
ored. It is in the crop that the molasses ’’ thrown out by 
the locust originates. 

proventriciihts is very small in the locust, easily over- 
looked in dissection, while in the green grasshoppers it is 
large and armed with shar]> teeth. A transverse section of 
the crop of the cricket shows that there are six large irreg- 
ular teeth armed with spines and hairs (Fig. 282). It 
forms a nec^k or constriction between the cro]> and true 
stomach. It may be studied by laying the alimentary canal 
open with a pair of fine scissors, and is then seen to be 
armed with six flat folds, suddenly terminating posteriorly, 
whore the true stomach (chyle-stomach, vcjitricuhis) begins. 
The chyle-stomach is about one half as thick as the crop, 
when the latter is disten led with food, and is of nearly the 
same diameter throughout, being much paler than the red- 
dish crop, and of a flesh-color. 

From the anterior end arise six large gastric emea, which 
are dilatations of the true chyle-stomach, and probably serve 
to present a larger surface from which the chyle may escape 
into the body-cavity and mix with the blood, there being in 
insects no lacteal vessels or lymphatic system. 

The stomach ends at the posterior edge of the fourth al)- 
dominal segment in a slight constriction, at which point 
(pyloric end) the urinary tubes [vasa urinarUiy Fig. 281, 
ur) arise. These are arranged in ten groups of about fifteen 
tubes, so that there are about one hundred and fifty long, 
fine tubes in all. 



iectio^ by Mr. Edward Burgess. 
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The intestine (ileum) lies in the fifth and sixth abdominal 
segments. 

Behind the intestine is the colon, which is smaller than 
the intestine proj^er, and makes a partial twist. Tlie colon 
suddenly expands into the rectum, with six large rectal 
glands on tlu' insi<le, held in place by six niusciihir bands 
attached anteriorly to the hinder end of the colon. The 
rectum turns up toward its end, and the vent is situated 
just below the su})ra-anal plate. 


Havijjg described the di 
may state in a summary way 




F5» 3S1.*.— Transvcr.«o sort ion of the 
crop of dnereus of Enropo; muc, 

inuHciilivr \valls ; r, horny rid^o between 
the huge teeth. —After Minot. 


[festive canal of the locust, wo 
the functions of the different 
divisions of the tract. The 
food after being cut up by the 
jaws is acted upon while in 
tlie crop by tlie salivary fluid, 
wliich is alkaline, and pos- 
sesses the ])roperty, as in ver- 
tebrates, of ra])idly transform- 
ing the starchy elements of 
the food into soluble and as- 
similable glucose. The diges- 
tive action carried on in the 
crop {inglavies) then, in a veg- 
etable-feeding insect like the 
locust, results in the conver- 
sion of the starchy matters 
into glucose or sugar. This 


process goes on very slowly. When digestion in the crop 
has ended, the matters submitted to an energetic pressure 
by the walls of the crop, which make peristaltic contrac- 
tions, filter gradually through the short, small proventricu- 
lus, directed by the furrows and chitinous projections lining 
it. The apparatus of teeth does not triturate the food, 


which has been sufficiently comminuted by the jaws. This 
is proved by the fact, says Plateau, that the parcels of food 
are of the same form and size as those in the crop, before 
passing through the proventriculus. The six large lateral 


pouches (c<Bca) emptying into the commencement of the 
stomach (ventriculus) are true glands, which secrete an ah 
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kaline fluid, probably aiding in digestion. In the stomueh 
(ventriculus) the i)()rtion of tlie food which Inis resisted tiio 
action of tlie crop is submitted to the action of a neutral or 
alkaline licpiid, never acid, secreted by 8}>ecial local glands 
or by the lining epithelium. In the ileum and c‘olon ae* 
tive absorption of the liquid portion of the food takes place, 
and the intestine proper (ileum and colon) is thus the st^ai 
of the secondary digestive phenomena. The reaction of t he 
secretion is neutral or alkaline. The rectum is the ster- 
coral reservoir. It may be enqdy or full of licpiids, but 
never contains any gas. The liquid j>roduets secreted by 
the urinary tubes arc hero accumulated, and in certain cir- 
cumstances lierc deposit the calculi or crystals of oxalic, 
uric, or phospluitic acid. Insects, says Plateau, have no 
special vessel to carry off tlie chyle, such as the lacteals or 
lymjdiatics of vertebrates ; ihe ])rodnets of digestion — viz., 
salts in solution, ju'ptones, sugar in solution, and emulsion- 
ized greasy matters — pass through the line coatings of the 
digestive canal b}' osmosis, and mingle ouiside of this canal 
witli tlic curremts of blood wliicli ])ass along the ventral and 
lateral parts of tlic body. 

Into the pyloric end of the stomach em])ty the urinary 
tubes, their secretions 2 )assing inl.o the intestine. Tliese are 
organs exclusively de 2 >nratory and urinary, relieving the 
body of tbe waste products. The lirpiid wliicli tlK^y secrete 
contains urea (?), uric acid, and urates in abundance, hip- 
puric acid {?), chloride of sodium, jdiosjdiatcs, carbonate of 
lime, oxalate of lime in (piantity, leucine, and coloring mat- 
ters. 

The nervous system of the locust, as of other ins(‘el;s, (;on- 
sists of a series of nervc-cen tres, or so-called brains (gnnglia), 
which are connected by two cords (commissures), the two 
cords in certain parts of the body in some insccis united into 
one. There are in the loeust ten ganglia, two in the head, 
three in the thorax, and Ih^e in the abdomen. first 

ganglion is rather larger tliaii the others, and is calksl the 

brain. The brain rests upon the a‘Bophagus, whence its 
name, supra-oesophageal ganglion. From the brain arise the 
large, short, optic nerves (Fig. 281, not lettered, but repre- 
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iOliled by the circle behind the brain, gp ; Fig. 283 , op\ 
wMdi go to the compound eyes, and from the front arise 



the three slender filaments which are sent to the three ocelli 
(Fig. 281, oc). From immediately in front, low down, arise 
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the antennal nerves (Pig. 281, at). The simple brain of the 
locust may be compared with the more complicated brain of 
an ant, as seen in Pig. 284. 

The infra-oesophageal ganglion (Fig. 283, if), as its name 
implies, lies under the oesophagus at the base of the head, un- 



i 


Piff. 284.— Ri/arht half of an ant'«-hraln| uO, lnfra*rpf.ophaffCftl ganglion ; Or, brain ; 
C, central connective portions ; W, Hcmi-circulttr l)odies or the small-ceiled portion 
of the brain lying next to the basal portion of the brain, from which the nervejH to tho 
Pimple eyes (at/) arise; Au, optic lobes; An, antennal lobes (the bodies appearing 
like cells are rounded masses of the network of the substance of the cord ; r, cellu- 
lar cortical substance of the brain ; Xro, twofold body of the commissure connecting 
the brain with the infra-oesophageal ganglion. —After Leydlg, from (iraber. 

der a bridge of chitine, and directly behind the tongue. It is 
connected with the supra-ojsophageal ganglion by two com- 
missures passing up each side of the cesopliagus. From tho 
under side of the infra-cesophageal ganglion arise three 
pairs of nerves, which are distributed to the mandibles. 
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maxillae, and labium. Tlie mandibular nerves })roject for- 
ward and arise froiii the anterior part of the ganglion, near 
the origin of tlie siipra-a‘so])]iageal commissures, while the 
maxillary and laljial nerves are directed downward into 
those organs. 

Tlie symj)alhetic ganglia are three in number ; one situ- 
ated just behind tlie su])ra-(Psophageal ganglion (Fig. 278, 
m), resting on the (eso])liagus, and two others situated each 
side of the crop, low down. Each of 
the two posterior ganglia is supplied 
hy a uerve from the anterior ganglion. 
Two nerves pass under the crop con- 
necting the posterior ganglia, and 
from each j)osterior ganglion a nerve 
is sent backward to the end of the 
proven tri(*ulns. A pair of nerves pass 
under the tesoplnigus from eacli side 
of the anterior sympathetic ganglion, 
and another j>air pass downward to a 
round white body, whose nature is 
unknown ( Fig. 278, u). 

Fig. 280 re])resents an enlarged 
view of the brain and sympathetic 
nerve of a moth. The heart is a long 
tube lying in tlic a])domen, dilating 
at six places along its course, and 
ending in a conical ])oint near the 
end of the abdomen ; it is held in 
]>lacc hy line muscular bands. 

All insects breathe by means of a 
complicated system of air-tubes rami- 
fying tbroiighout the body, the air 
entering through a row of spiracles, or air-holes, or breath- 
ing-holes {siigmaia). in tlie sides of the body. There are in 
locusts two pairs of thoracic and eight pairs of abdominal 
s]>iracles. The first thoracic pair (Fig. 281) is situated on 
the membrane connecting the prothorax and mesotborax, 
and is covered by the liinder edge of the protergum (usually 
called prothorax). The second spiracle is situated on the 



byx vioii). f/w, Su))ia 

c* l)jaiii'') ; 
o, HiJtcT\uary inavo ; o. opiic 
mT\c; r, a/yjjioh irmik of ihe 
vincoral iktvouh h.vkK r', 
ifK r(K>tw arising fn tlio 

t‘tipra-n'so|>ha;^oiil * 

oriic oiilart;<MiU'iits ,<’,— 
After lirautlt, from Otgeu- 
baur. 
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posterior edge of the mesothoriix. There are eight abdominal 
spiracles, the first one situated just in front of tiie auditory 
sac or tympanum (see Fig. 270), and the remaining seven are 
small openings along the side of the abdomen, as indicated 
in Fig. 280. From these spiracles air-tubes pasvs in a short 
distance and connect on each side of the body with the spi- 
racular trachea (Fig. 28<b s. Fig. 287, s) as we may call it. 
The air-tu1)os consist of two coats, witli several short spiral 
threads wound around tlu‘ tube (Fig. 288). 'riuse spiraeu- 
lar trachea; begin at the j)osterior spiracle, and extend for- 
ward into the rnesothorax, tluu’c subdividing into several 
branches. lh-an(*hes from them pass to the two main rca- 
tral tracheae (Fig. 28<>, c)^ and to the, two maiti (hn'sal tra- 
cheae (Fig. 280, />, Fig. 287, />). fi'he main tracheal sys- 
tem in the abdornett, then, consists of six tubes, thnu' on a 
side, extending along the abdomen. The ])air of vtudral 
trachea:) extend along tlie umhu* si(h‘ of the (ligestiv(; (tanal ; 
the dorsal traclR\‘e rest on the digestive canal. These six 
tubes are connected l)y anastomosing trachea*, and, with 
their numerous subdivisions and minute twigs and the sys- 
tem of dilated trachea; or air-sacs, an intricate network of 
trachea* is formed. 

The system of thoracic air-tnlx's is <|uite imiependent of 
the abdominal system, and not so easy to makt; out. The 
tubes arising from the two thoracic stigmata are not very 
well marked ; tliey, however, send two well-mark(‘d tra(;hea» 
into the head (Fig. 28(j, c. Fig. 287, e), wliicli subdivide* into 
tlie ocular dilated air-iu])e (Fig. 28d, oe, Fig. 287, oc) and a 
number of air-sacs in tlie front of the head. 

Tlie series of large abdominal air-sacs, of wliicli there 
are five pairs (Fig. 287, 3-7), arise independently of the main 
trachea; directly from branches originating from tiic s{»ira- 
clcs, as seen in Fig. 286. Tliey are large* and easily found 
by raising the integument of the back. There is a large 
pair in the mesotliorax (Fig. 287, 2) and two enormouH sacs 
in the prothorax (Fig. 287, 1;, sonnet imes <*xt<;nding as far 
back as the anterior edge of the rnesothorax. AH these sacs 
are superficial, lying next to the hypodermic or inner layer 
of the integument, while the smaller ones are, in many cases, 
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buried among the muscles. Besides the ordinary air-sacs, 
there is in the end of the abdomen, behind the ovaries, a 
plexus of six dilated air-sacs (Fig. 287, I, II, III), which 
are long, spindle- sliapod, and are easily detected in dis- 
secting. 

There is a system of dilated trachcic and about tifty air- 
sacs in the head. 

In the legs tw^o trachenB pass down each sidcM^f tlie femora, 
sending off at quite regular intervals iiunH^rons much-branch- 
ing, transverse twigs ; there is one large and a very small 
trachea in the tibia, and the main one extends to the ex- 
tremity of tlie last tarsal joint. 

By holding the red-legged locust in the hand, one may 
observe the mode of breathing. During this a(^t the ]>or- 
tion of the side of the body between the s])iracl(^ arid the 
pleurum (Fig. 278, yl) contracts and (‘Xpands ; tlu^ contrai;- 
tion of this region causes the spirach‘s to ()])en. d'he gen- 
eral movement is caused by the sternal moving much more 
decidedly than the tergal j>ortion of the abdomen. When 
the pleural ])ortion of the abdomen is fonied out, tlie soft 
pleural membranous region under the for<; and liind wings 
contracts, as docs tlie tyrnpamirn and iiie memhranons por- 
tions at the liase of the hind legs. When tlie tergum or 
dorsal portion of the abdomen falls and the jileurum tarn- 
tracts, the spiracles open ; their opening is nearly ])ut not 
always exactly co-ordinated with the contraedions of the 
pleurum, but as a rule they are. There were sixty-tlve con- 
tractions in a minute in a locust which liad lietm ludd be- 
tween the fingers about ten minutes. It was iioticaal that 
when the abdomen expanded, the air-sacs in the lirst ab- 


Fig. 286.— Showing fliHtribution of air-tubcH (tnchei^) and nir-Hac8 view of 
the body, r, niniti ventral trachea (only one of tin iwo nhown) ; IfR ntigniatal 
trachea, connecting hy vertical branchen with 7>, th<’ left main donial trachea; c, left 
cephalic trachea ; oc, ocular dilated trachea. From the first, necond, third, and fourth 
aplracies ari^e the first four abdominal air-sacs, which are succeedwl by the plexus 
of three pairs of dilated trachea*, I, JI, III, in Fig. 287. Numerous air-s«cs and 
trachea; are represented in the head and thorax. The two thoracic spiracles are rep- 
resented, but not lettered. 

Fig. 287.— />, left dorsal trachea; >9. left stigmata! trachea ; I, 11, III, first, second, 
and third pairs of abdominal dilated trachea;, forming a plexus Iwhind tht; ovaries: 
1, pair of enormous thoracic air-sacs : 2, pair of smalhff air-sacs ; 8-T, ahflominal 
air-sacB; oc, ocular dilated trachea and air-sacs* c, cephalic trachea. The rfdations 
of the heart to the dorsal dracbese are indicated.— Drawn by Emerton from dissec- 
tions by the author. 
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dorainal ring contracted. This would indicate tliat the 
air ruslies into the spiracles during the contraction of the 
abdomen, and that the air-sacs are not relilled until the 
spiracles are closofl ; tlins the air in the air-sacs is perliaps 
constantly changing. 

It is evident tliat the enormous powers of 
dig] it ])ossessed by the kunist, especially its fac- 
ulty of sailing for many hours in the air, is due 
to the }>r(5sence of these air-sacs, which float it 
up in the atmospheric sea. Other insects with 
a ])owerful flight, as the bees and Hies, have well- 
develojied air-sacs, but they are less numerous. 
It will be seen that, once having taken flight, 
the locust can buoy itself up in the air, con- 
stantly tilling and retUling its internal buo3"s or 
balloons without any muscular exertion, and 
thus be borne along by favorable winds to its 
destination. It is evident that the ])rocess of 
res])iralion can b(0)(‘st carri(‘d on in clear, sunny 
weatlier, and that when the sun sots, or the 
weather is cloudy and dam]), its jiowers of flight 
are lessened, owing to the diminished power of 
res])iratiou. The finer structure of the trachea 



Fiff. 28 H.- 

Lo II tudiiuil 
section of tlic 
tiai'hcji of ////- 
driifthilnspurus 
or wulcr-bci-tl**. 
ep. cpilhcliiiin; 
CK, cuticailu ; t\ 
spiral Ihrt^atfs. 
--Aflor Minot. 


is seen in Fig. ^^88. 

It is difficult to ex{)lain many of the actions of insects, 
from the fact that it is hard for us to ap])rociatc their men- 
tal jiowers, instincts, and general intelligence. That they 
have sufllcient intellectual powers to enable them to main- 
tain their existence ma^' be regarded as an axiom. But in- 
sects differ much in intelligence and also in the degree of 
perfection of the organs of sense. Tlie intelligence of in- 
sects depends, of course, largely on the development of the 
organs of special sense. 

The sense of sight must be well developed in the locust, 
there being two large, well-developed compound eyes, and 
three simple ones {oceJU), situated between the former, sup- 
plied with nerves of special sense. 

Fig. ;^89 represents the eye of a moth greatly enlarged to 
show the finer structure. 
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The anteniije are, in the locust, organs o( toucli. The 
pal])i are not only organs of touch, but probably, as in some 
otlier insects, are endowed with tlie sense of taste, enabling 
the locust to discriminate between the dilTorent kinds of 
food, and select that best adapted to suit its wants. It is 
possible that the labial nerves send branclies of special sense 
to the tongue. 




The ears are well developed in the locust, and we know 
that the sense of hearing must be delicate, not only from the 
fact that a loud alarum with kettles and i>an8 affects them, 
but the movements of persons walking through the grass 
invariably disturb them. Besides this, they j)roduce a fid- 
dling or stridulating sound by nibbing their hind legs 
against their folded wing-covers, and this noise is a sexual 
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sound, heard and appreciated by individuals of the other 
sex. Any insect which produces a sound must be supposed to 

have ears to hear the sound pro- 
duced by otliers of its species. 

In U)e anteniiic, palpi, and 
abdominal appendages of dif- 
ferent insects are seated mi- 
nute sense organs of unknown 
functions, though probably 
either of smell or taste (Fig. 
290). 

The ears (or auditory sacs) of the locust are situated, one 
on each side, on tlie basal joint of the abdomen, just be- 



Vlff. 290.—^, b, fseiise -organ on the ab- 
dominal a]»pemlagcH of a lly i (Uinjxopihi)' 
c, Hi'n^e-orlran on tin*, terminal joint ol 
palptiH of iV/’/a. - Author cM. 



Fig. 291 .-—Kur of a locust {Caloptmv4f italicufi) Been IVora the inner iide. T, tym- 
panum ; ri?, itw border ; o, w, two horn-like processes ; bi, ncar-sliaped vesicle ; n, 
auditory nerve ; ga, terminal ganglion; s(, stigma ; m, opening and m' closing mus- 
cle of the same ; Ji, tensor muscle of the tympauuui-meinbrane.— After Graber. 


hind the first abdominal spiracle (Fig. 279). The ap- 
paratus consists of a tense membrane, the tympamm, sur- 
rounded by a horny ring (Fig. 291). On the internal sur- 



ORGANS OF HEARING. 


347 


face of this membrane are two liorny processes (o?/), to which 
is attached an extremely delicate vesicle {hi) iilled with a 
transparent fluid, and representing a membranous labyrintli. 
This vesicle is in connection with an auditory nerve (n) 



Pig. 2»2.-~A Cflrabns beetle in the act of walking or rnnning. Tlircc log« 

are directed forward, while the otbern Jt^u which ar<! directed back- 

ward toward the tail, have ended their activity, a b, c U, and cy are enrvea denedhed 
by the end of the tibia) and pasHitig back to the end of the body; b U K and/ g are 
cunea described by the eamc Jega during their passive change of poHition. —After 
Graber. 


which arises from the third thoracic ganglion, forms a gan- 
glion {ga) upon the tympanum, and terminates in the im- 
mediate neighborhood of the labyrinth by a collection of 
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cnnoiform, staff-like bodies, with very finely-pointed ex- 
tremities (primitive nerve-fibres?), whicii are surrounded 
by loosely ugiijregated ganglionic globules.” (Siebold's 
Anatomy of the Invertebrates.) 

In walking, tlie locust, beetle, or, in fact, any insect, 
raises and jaifs down its six legs alternately, as may be 

seen by observing tlie movements 
, ^ y'B of a beetle (Fig. 202). While the 

structure of the limb of a ver- 
g— tebratc and insect is nothomol- 

ogous, yet the mechanism or 
THhH functions of the ])arts are in 

|9HjV p the main the sanu', as indicated 

/ in Figs. 2tt3 and 204. 

^ footprints of insects are 

s sonu'times left in fim* wet sand 

^ ‘ ' i 0 l )y 1 1 ) e in i d d 1 e , an d ' the 
black dashes by the hind legs 

Tlio wings are developed as 
f(dds of the integument., ajid 
strengthened by hollow rods 
called ‘S eins their branches 
Fiff. Soctioii of tho- fore ipc; of Called ^‘vcnures. ” Til ere are 

a Slni; lu'otlo, showing llu- muscU**^, .V, • ii ■ <. i. • j 

osUmim)!'. /MIom)!- of tlie U- ; t‘x- tllO WlllgS ot most inSCCtS 

u7h;;'« six muin veius-i..., tiic costal, 

the sahcostal, median, snbme- 
dian, internal, and anal. They 
are hollow and usually contain an air-tube, and a nerve 


often accompanies the tracliea iu the ])rincipal veins. The 
arterial blood from the heart (as vseen in the cockroach by 
Moseley) flows directly into the costal, subcostal, median, 
and submedian veins ; hero it is in part aerated, and returns 
to the heart from the hinder edge of the wings through the 
hinder smaller branches and the main trunks of the internal 
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and anal veins, 8o that Mic wings of insects act as lungs 
as well as organs of ilight. For the latter purpose, tlje 
principal veins arc situated near the front edge of the wing, 



Fig. 294.— Diagram of lli<- km‘o-jr>ini of n vertebrae* (,t> aii<l ati luHeet’s limb kII\. 
n, ui)per, lower shaiik, united at A by a eansnlur joint, at It l\v a f<»lditij.* jcunt ; 
(/, exteiiHor »»r lifting muK lo ; Ilexor or lowering inttMi le of the li»\\er jo ni. 
The dotted hue indic ates in A llie C(»ntour of the leg, - After Oralter. 

called ilie coshiy and thus tlie wing is strengthened wlnni tin' 
most strain conies during the liealiiig of the air in Might. 

The wing of an insect in making the stroke's during Miglit 
describes a. Mgiin* 8 in tlic air. A fly’s wing 
mak(!S 330 n'volulious in a second, executing 
therefore dhO simple oscillations. 

The sexes are always distinct in insects, tlie 
only known exci'ption being (*ertain vei*y low 
aipiatie Araelinida called Tn rilifinnht, in which 
both sexual glands occur in the same indi- 
vidual. Tlie test(‘.s of tlie common rod- 
legged locust form a single mass of tulinlar 
glands, resting in tlie ujtpcr sidt' of the third, 
fourth, and fifth segments of the hind body. 

Figs. 2% and 207 rei>resent this sinu'ture in 
other insects. The ovaries cfmsist of two set.- 
of about twenty long tulaxs, within whieli the 
eggs may be found in various stages of dc;- 
velopment. Tlie eggs pass into two main Fig. Fot.r 
tubes which unite to form the single oviduct 
which lies on the floor of the abdomen. ^,f<Yriber.^‘' 
Above the opening of the oviduct is the sebific 
gland and its duct. This gland secretes a copious supply of 
a sticky fluid, which is, as in many other insects, poured 
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out as the eggs pass out of the oviduct, thus surrounding 
them with a tough coat. 

The externa] parts consist of the ovipositor (Fig. 378, B, 
and Fig. 281), which is formed of two })airs of spines (rhah- 
dites) adapted for boring into the earth ; and of the egg- 
guide (Figs. 278 and 281, eg), a triangular flap guarding the 
under side of the opening of the oviduct. 



''ifj:. - Mule PoxMtil apparatus of a bark-beetle. 

a/, vas (lefenuis ; ho, testis ; />/. seminal vesicle ; (KJ, 
duel us ejaeiilutoriiis, — After Clrabcr. 


Fij'. 297.— f, testifl ; V, vas 
deferens ; (/. seminal vesicle 
of Acheta 'cauq>(8tris.~A.Xi*it 
Oegenbaur. 



There is a remarkalde uniformity in the mode of develop- 
ment of tlie Avinged insects. In general, after fertilization 
of the egg, a few cells ajipear at one end of the egg ; these 
multiply, forming a single layer around the egg, this layer 
constituting the blastoderm. This layer thickens on one 
side of the egg, forming a Avhitish patch called tho^;^m^^V^ve 
}<trealc or band. The blastoderm molts. 



Fl". 298.- -Section of Splun.x 
embryo, the germ inmuT^cd 
111 the yolk ; s, ktouh nunii- 
brano; <*m, amnion; /i, outer, 
wi, inuor germdaycr. 


sloughing off an outer layer of cells, 
a new layer forming beneath ; the skin 
thus throAvn off is called the serous 
membrane ; the second germ-layer 
(ectoderm) then arises, and a second 
membrane (called amnion, but not 
homologous with that of vertebrates) 
peels off from the primitive band just 
as the appendages are budding out, so 


that the body and appendages of the embryo insect are en- 


cased in the amnion as the hand and fingers are encased by 


a glove. As seen in the accompanying Figs. 298-303, the 
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appendages bud out from the under side of the primitive 
band, and antennae, jaws, legs, ovipositor (or sting), and the 
abdominal feet of caterpillars are at 
first all alike. Soon the appendages 
begin to assume the form s(^n in 
the larva, and just before the insect 
hatches the last stejjs in the elabora- 
tion of the larval form are taken. 

As to the development of the in- 
ternal organs, the nor- 
vous system fmst origi- 
nates ; the alimentary 
canal is next formed ; 
and at about this time 
the stigmata and air- 
tubes arise as invagina- 
tions of the outer germ- 
layer. The development 
of the salivary glands j)rceedes that of the uri- 
nary tubes, which, with tlie genital glands, are 
originally offshoots of tlie juimitive digestive 
tract. Finally the heart is formed. 

When the insect hatches, it eitliercuts its way 
through the egg-shell by a temporary egg-cut- 
ter, as in the flea, or the expansion of the 
head and thorax and tiie convulsive movements 
of the body, as in the grasshopper, burst tlie 
shell asunder. The serous membrane is left in 
the shell, but in the ease of grasshoppers the 
larva on hatching is still enveloped in the am- 
nion. This is soon cast as a thin })ellicle. 

The principal change from the larval to the 
adult locust or grasshopj>er is the acquisition of 
wings. In such insects, then, as the Orthoptera 
and Hemiptera, in which the adults differ from 
the newly hatched larva mainly in the posses- 
sion of wings, metamorphosis is said to be in- 
complete, In the beetle, butterfly, or bee, the metamorphosis 
is compute ; the caterpillar, for example, is a biting insect. 



baud or jrerm 
of a SfmSnx 
moth, with the 
fejjment« in- 
dicated, and 
their rndimeu- 
tary append- 
a«ea. c, upper 
Ifp ; at, anten- 
na ; ind, man- 
d i b I « M ; mx. 
mx\ first ana 
eecond max 11- 
Im; I, I', t\ 
ieaH ; a/, ai>do- 
luTnal legs. 



Fig. 299.-— Embryo of Sphinx 
mncli more advanced, h, heart ; 
g, ganglion ; i, intestine ; rn, 
rudimoutary muse alar bauds run- 
ning to tl»e*heart ; a, stigma and 
beginning of a trachea (/) ; d, a 
gland. This and Figs. i.9.'i-290 
after Kowalcvsky. 
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is voracious, and leads a different life from the quiescent, 
sleeping pupa or chrysalis, which takes no food ; on the 
other hand, the imago or butterfly has mandibles, which 
are rudimentary, and incapable of biting, while the maxillae, 
or “tongue,’’ which were rudimentary in the caterpillar, 
become now greatly developed ; and the butterfly takes 



Pig. 801. — Embryo of a 
Water-beeOe (HydrophUtta). 

; at, head ; ol, upper lip; m, 
mouth ; on, antcnme ; AT], man- 
dibles ; Jl;,, A:., maxillie ; 
thorax ; 6,, 0,, legs ; A,-A,o, 

ten pairs of radimentary abdo- 
minal legs, of which all except A, 
disappear before the insect 
hatcnes ; a, anus,— After Kowa- 
levtky. 



Fig. 802.~ProfiIe view of embryo 
Honey-bee, lettering as in Fig. 
801. nervous cord: 06 =, brain; 
JD, digestive canal ; ech, the ceso- 
phagus ; St. sUgmatal openings of 
the tracheal system ; ji. heart.— 
After Biatschli. 


liquid food and but little of it, while its surroundings and 
mode of life are entirely changed with its acquisition of 
wings. Thus the butterfly leads three different lives, differ- 
ing greatly in structure, externally and internally, at these 
three peri<^s, and with different environments. 
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Most caterpillars moult four or live times ; at each 
moult the outer layer of the skin is cast off, the new 
skin arising from the hypodermis^ or inner layer of the in> 
tegument. The skin opens on the back behind the head, 
the caterpillar drawing itself out of the rent. In the 
change from the caterpillar to the chrysalis, there are re- 
markable transformations in the muscles, the nervous, 
digestive, and circulatory system, inducing a change of 
form, external and internal, characterizing the different 
stages in the metamorphosis. 

While the cliaiiges in form are 
comparatively sudden in flies and 
butterflies, the steps tliat lead to 
them are gradual, flow gnidual 
they are may l)e seen by a study of 
the metamorphosis of a bee. In 
tlic nest of tlie humble or honey 
bee, the young may be found in all 
stages, from the egg to the pupa 
gayly colored and ready to emerge 
from its cell. It is difficult to 
indicate vvhere the chrysalis stage 
begins and the larva stage ends, 
yet tile metamorphosis is more 
complete — namely, the adult bee 
is more unlike the larva, tlian in 
any other insect. 

Besides the normal mode of de- 
velopment, certain insects, as the 

plant-louse (Aphis), the bark-louse a«. antenutt: ; forehead,- -AfU?r 

(Coccus), the honey-bee, the Po- 

listes wasp, the currant saw-fly (Neraatus), the gall-flies, 
and a few others, produce young from unfertilized eggs. 
Certain moths, as the silk-worm moth (Bomhyx mori) and 
others, have been known to lay unfertilized eggs from wliich 
caterpillars have hatched. This anomalous mode of repro- 
duction is called parthenogeneBU, and fundamentally is only 
a modification of the mode of producing young by budding 
which is universal in plants, and is not unusual, as we have 
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seen, among the lower branches of the animal kingdom. 
The object or design in nature, ab least in the case of the 
plant-lice and bark-lice, as well as the gall-flies, is the pro- 
duction of large numbers of individuals, by which the per- 
petuity of the species is maintained. 

Insects are both useful and injurious to vegetation. Were 
it not for certain bees and moths, orchids and many other 
plants would not be fertilized ; insects also assist in the 
cross-fertilization of plants. For full crops of many of our 
fruits and vegetables, we are largely indebted to bees, flies, 
moths, and beetles, which, conveying pollen from flower to 
flower, ensure the production of abundant seeds and fruits. 
Mankind, on the other hand, suffers enormous losses from 
the attacks of injurious insects. Within a period of four 
years, the Kocky Mountain locust, migrating eastward, in- 
flicted a loss of $200,000,000 on the farmers of the West. 
In the year 1804, the losses occasioned by the chinch-bug in 
the corn and wheat crop of the valley of the Mississippi 
amounted to U 2 )ward of $100,000,000. It is estimated that 
the average annual losses in the United States from insects 
arc about $100,000,000. On the other hand, hosts of 
ichneumon flies and Tachina flies reduce the numbers and 
prevent undue increase in the numbers of injurious insects. 

The number of species of insects is estimated to be about 
190,000. Of these there are about 25,000 species of Hyme- 
noptera (bees, wasps, etc.) ; about 25,000 species of Lepi- 
doptera (butterflies and moths) ; about 24,000 Diptera (two- 
winged flies), and 90,000 Coleoptera (beetles) ; with about 
4600 species of Arachnida (spiders, etc.), and 800 species 
of Myriopoda (millepedes, centipedes, etc.) 

Insects are distributed all over the surface of the earth. 
Most of the species are confined to the warmer portions of 
the globe, becoming fewer in the number of species as we 
approach the North Polar regions. Many are inhabitants 
of fresh water ; a very few inliabit the sea. 

Insects, so far as tlie records go, first appeared in the 
Devonian rocks ; these were Neuroptera and Orthoptera, such 
as May-flies and other forms which seem generalized in 
their structure. But if highly developed flying insects, be- 
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longing, at least the May-fly, to existing families, appeared 
in the Devonian period, it is reasonable to suppose that in- 
sects must have inhabited the dry land of the Silurian 
period. 

Insects are divided into four sub-divisions or sub-classes — 
the Malacopoda, the Myriopoda^ tlie Ai'achfiida, and 
the six-footed, winged insects, or Hexapoda. All agree in 
breathing by air- tubes, and in having in most cases a tri- 
regional arrangement of the segments of tlie body. By some 
authors the three higher groups are regarded as independent 
classes, but tliey are all modifications of a general insect 
form, with similar mouth-parts, a single pair of antennas 
when these organs are present, with no palpus to the man- 
dibles, and with other characters which render the class 
Insecta equivalent to the class CrnHtacca. 

Sub-class 1. Malacopoda. — This group is represented by 
a single animal, tlie strange? Peripatns of tro])ical coun- 
tries, in w'hich the body is cylindrical, tlie integument, an- 
tenna?, and limbs soft, not chitinized, with the head not 
separate from the body, and bearing a ])air of many-jointed 
extensible antenna*, with two ])airs of rudimentary jaws 
(mandibles and maxilla^), and from fourteen to thirty-three 
pairs of feet (according to the species). Tliis animal differs 
from otluT Artiji'opods in the lw<» widely s(‘paraUHl minutely 
gauglionated nervous cords sent backward from the brain; 
also in the minute, numerous tracheal twigs arising from 
numerous minute oval openings (rudimentary spiracles) 
situated irregularly along the median line of the ventral 
surface of the body. The feet are soft, llcsby, and end in 
two claws. Peripatus is viviparous. According to the 
description and figures of Mr. Moseley, the young develop 
much as in the chilopodous Myriopods [Geophilus)^ show- 
ing tliat Peripatus is nearer to the Myriopods than any 
other group. That it is a tracheate animal was also proved 
by Mr. Moseley ; but owing to the nature of the nervous 
system and the minute trachea? and their numerous irregular 
spiracular openings, with no chitinous edge, this form cannot 
be placed among the Myriopods. On the other hand, it has 
some features recalling the Linguatulina and Tardigrada^ 
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B8 Been in the soft clawed feet and short wrinkled segments. 
It is certainly not a worm, but, on the whole, connects the 
worms with the sucking Myriopods, and suggests that the 
insects may have descended from forms somewhat like Pen- 
pafus. Pcripatus iuliformis inhabits the West Indies, and 
either P. Edwardsii Blanchard, or an undescribed species 
about four centimetres in length (with twenty-seven pairs 
of legs), inhabits the Isthmus of Panama. The name 
Malacopoda was proposed by Be Blainville, who suggested 
that Peripatus connected the Myriopods with the Annelids. 
There is but a single genus, Peripatus. 

Sub-class 2. Myriopoda. — The centipedes and millepedes 
are distinguished by their cylindrical body, the abdominal 
segments being numerous and similar to the thoracic seg- 
ments, all })rovided with a pair of feet. The head is free, 
with a pair of antennje, mandibles, and usually two pairs of 
maxillje. The internal organization is simple, like that of 
the larvas of insects. Some Scolopendrce are said to be 
viviparous. 

Order 1. Cliilognaflia. — To this group belong the mille- 
pedes, Jtihis, etc. (Figs. 304-307). The first maxillae are 
absent. The segments are round or flattened, and the feet 
are inserted near together, the sternum being undeveloped. 
In some forms (Fig. 304, Spirostrephon Copei Pack., from 
Mammoth Cave) the body is hairy. They are all harmless. 
The eggs are laid in large numbers an inch or two beneath 
the surface of the earth. They undergo total segmentation, 
and in a few days the larva (Fig. 305) hatches. At this time 
it bears a resemblance to a Podicra^ having but three pairs 
of feet, the tliird pair attached to the fourth thoracic seg- 
ment. After a series of moults, new segments and new feet 
appear, and thus these Myriopods undergo a distinct meta- 
morphosis. The species feed on dead, sometimes fresh 
leaves, and on fallen fruit. 

Order 2, Pauropodn, — The two orders of Myriopods are 
connected by Paiiropus, which by Lubbock is regarded as 
the type of a distinct order (Pauropoda), Our only species, 
Paiiropus Luhhochii Pack. (Fig, 309), consists of six seg- 
ments besides the head, and the young Pauropus has but 
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Pig. 305. — lAfva of 
Jnlm. a, third ab- 
dominal Begment, wltli 
the new limb« juBt 
budding out i ft. now 
eegmcniB nriHin^ bo* 
tween the iM'niiltimato 

Af ter Newiiort. 



Pig. 806. 
— Iwi/des- 
muB ery 
thmpyguB 
- -common 
Po 1 y doB- 

lUUB. 



Pig. 9(y7.—JMydesmtt« cavicolaj from Utah, 
top and aide view. a. antenna ; ft, a acgmcnt 
and leg; c, dorsal view of two segments show- 
ing ornamentation ; d, side view of two terminal 
segments of the boay— all magnified. 


Fig. 308. 

ISIatural size. 
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three pairs of feet, and in this and other respects resembles 
Podura, A second form, Eurypaurojms, of Kyder, has six 
segments, with feet wholly concealed from 



Fip, Pau7V])U(t 

Lvhmckii. Much en- 
larged. Fig. 310 en- 
larged view ot‘ head 
and nnteniiiu and fir^t 
pair of feet. 


above by the expanded segments. 

Order 3. Chilopoda. — This group is rep- 
resented by the centipede and Litliohius, 
in which the body is flattened, the sternal 
region being well developed. In Geopliilus 
(Fig. 308, G, hipuncticeps Wood) and allies 
there are from thirty to two hundred seg- 
ments. Our most common form is Litlio- 
hius American us Newport, found under 
logs, etc. The centipede {Scolopendra 
heros Girard) is very poisonous, the poison- 
sac being lodged in tlie two large fangs or 
first ])air of legs. S, glgantea Linn., of 
the East Indies, is nine inches long. In 
(krmatia the body is short, with compound 
eyes in the head and remarkably long 
slender legs. G, forceps Kafinesque, of the 
Middle and Southern States, is said to be 
poisonous. 


An aberrant, generalized form is Pcolo- 


pendrella, in which the heivd and antenme are like those of 


Campodea, a Thysanurous insect ; this is therefore a con- 


necting link between the Myrio])ods and Hexapods. 

Sul>class 3, Arachnida. — The bodies of spiders and scor- 
pions, etc., are divided into two 
regions, a head-thorax and aMomen, 
the head being closely united witli 
the thorax. ThGi*e are no antennas, 
only a pair of mandibles and a pair 
of maxillas, with four pairs of legs. 

There are never any compound eyes. 

The young are usually like the adult. 



except in the mites, in which there 
is a slight metamorphosis. In all 


Fi». 310,— Head of Paurepus 
Lnhbockii. Mncli enlargea. 


Arachnida there is a liver, this organ not being present in 
the winged insects. 
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Fig. 311.— Anatomy of a spider, diagrammatic longitudinal 
section through the body, au, simple eyes and nerves heading 
to them from the brain (supra-msophageal ganglion. oG ) ; 
«//-, mandibles ; ta,^, palpus of maxilla /, ; first pair of legs, 
succeeding pairs ; A", head ; Hr, thorax ; It, hind-body 
or abdomen; JitJ, heart or dorsal vessel ; L, lung in front of 
the opening of the oviduct G\ the spinning-glands («d con- 
nect with the spinnerets, ttji W. The digestive tract is sluidcd, 
and in the abdomen enveloped In the liver.— After Grabcr. 


The type of the sub-class is the spider, which is character- 
ized by the pos- 
H jRu session of two 

or tliree pairs 
of spinnerets, 
which are 
j o i n 1 0 (I a p - 
pcndjigcs ]io- 
niologous with 
the legs. Be- 
sides irjichea3, 
spiders Imve a 
so-called liuig 
(Fig. 311, L), 
composed oi 
several leaves, 
into which the 
blood Hows, 

and is thus aerated. In Lycom the blood Hows tbrougli the 
heart from the bead backward. There is a gretii range of 
structure, from the lowest 
mites to the spiders, certain 
mites having no heart, no 
tracheae, very rudimentary 
mouth-parts, and no brain, 
there being but a single 
ganglion in the abdomen. 

Order 1. Acariua, — The 
mites arc the simplest 
Arachnida, the body being 
oval in form, the head 
usually small, more or less 
merged with the thorax, 
while the latter is not dif- 
ferentiated from the abdo- 
men. There is a slight 
metamorphosis, the mite 
when first hatched having 

but three pairs of legs, the fourth (and last) pair being added 



Fig. 812. 
dDii]eftlir4tted moose. 


IxodM (db^ictm from a partly 
The tick jiatural nlxe, 


gorged with blood, and Its six-Icgucd young, 
mnch enlarged, a, beak or mandibles armed 
with teeth : ft, maxilla, and c,inaxlllary pal- 
pus ; d, a root with auckcr and claws, cn- 
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after a moult. A typical mite, though above the average 
size of the members of the group, is the tick (Fig. 312), 
Iwdes alUpictus Pack. Closely allied to this is Ixodes bovis 
Riley, the cattle-tick (Fig. 313), which buries its head iu 







Fig. 314. — Sugar-mite. Much en- 
larged. 


¥'\g. SV6.--Jxode8l)OVi8. ^Natural fiizc and 
enlarged. 



Fig. 8l5.--.4mmoWoe pucnogmoides. a, 
etomach with ceeca {b,b,f),b) extendinsr 
Into the legB.— Prom Oegenbaur. 



Pig. me~~P&tU<ui(oma tceniUAdet, 
Natural size. — From Verrlll. 


the skin, anchoring itself firmly by means of the backward- 
pointing teeth of its jaws. Other examples of mites are the 
cheese and sugar mites (Fig. 314, Tyroglyphus sacOMri). 
The sea-mites, Pycnogonida, are marine forms, without 
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air.tubes, with four pairs of long legs, into which coecal 
prolongations of the stomach pass, as seen in Fig. 315 . 




The lowest mites comprise remarkable w^orm-like Acarina^ 
called Lmguatulina, The young are mite-like, the body 
spherical, with boring jaws, and two 
pairs of short-clawed feet. Pentas- 
toma (Fig. 316) occurs in the lungs 
and liver of man, and in horses and 
sheep. 

The Tardigrada or bear animal- 
cules (Fig. 317) are a step higher 
in the scale of mite life. In tliese 
singular beings the sexual glands 
exist in the same individual. 

Macrobiotus Americantis Packard 
is common in sphagnum swamps, mg.zn.- ahdifercancroi<ut. 
Like the Eotatoria, these low mites 

are capable of revivifying after being apparently dead and 
dried up. 
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Order 2. PedipalpL — This group em’braces the scorpion 
(Fig. 318), the false scorpions (Fig. 319), the whip scor- 
pions, and the harvest-man {Phala7igium). In all these 
forms the abdomen is plainly segmented, the segments not 
being visible in the mites or spiders. Usually the maxillary 
palpi are much enlarged, and end in claws. The scorpion 
is viviparous, the young being brought forth alive. The 
young scorpions cling to the back of the mother. The sting 
of the scorpion is lodged in the tail, which is perforated, 
and contains in the bulbous enlargement an active poison. 
Though producing sickness, pain, and swelling in the arm, 
the sting of the scorpion is seldom fatal. 

The little false-scorpions {Chelifer, Fig. 319) often occur in 
books, under the bark of trees, and under stones. The whip- 
scorpion is confined to warm countries. Thelyphonus gigan- 
tens Lucas occurs in New Mexico and Mexico. Its abdomen 
ends in a long lash-like appendage. Its bite is poisonous. 
The liarvest-men, or daddy-long-legs, are common in dark 
places about houses. They feed on plant-lice. Our common 
species is Phalanginm dorsatiim Say. 

Order 3. Araneina . — The spiders are always recogniza- 
ble by their spherical abdomen, attached by a slender pedicel 
to the head-thorax. They breathe, like the scorpions, both 
by lungs as well as by tracheae, and the young resemble the 
parent in having four pairs of feet. 

The development of the spider has some peculiarities not 
found in the higher insects. , The egg undergoes total seg- 
mentation. The germ is somewhat worm-like, as in Fig. 
320, then, as in C\ the primitive band forms, with head and 
tail end much alike. Afterward (Fig. 321) the head ac- 
celerates in development, and the appendages begin to bud 
out, six pairs of abdominal limbs appearing and then totally 
disappearing, except the three pairs of spinnerets, as if the 
spiders were descended originally from some Myriopod-like 
form. The mandibles are vertical, and end in hollow points, 
through which the poison exudes, the two poison-glands 
being situated in the head. The male spider is usually 
much smaller than the female ; the latter lay their eggs in 
silken cocoons. The tarantula {Lycosa) usually lives in 
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holas in the ground, and sometimes conceals the opening by 
covering it with a few dead leaves. Our largest spider is 
Nephila plumipes of the Southern States. The common 
garden spider is Epeira vulgaris Hentz. It lives about 

B A O 



Pig. S20.—Development of the Bpider.— yf, wonn-Jike stage ; /?, primitive band ; 
C\ the same more advanced, with rudimenta of limbs. 


houses and in gardens ; its geometrical web is very n^giilar. 
The large trap-door spider (Mygalc) has four lung-sa(‘s in- 
stead of two, as in tlie otlier sjnders, and only two pairs of 
spinnerets. My gale llenzii Girard 
inhabits the Western plains and 
Utah ; Mygalc avicularia Linn, of 
South America is known to seize 
small birds, and suck their blood. 

There are probably about six or 
eight hundred species of spiders 
in North America ; their colors 
are often brilliant, and sometimes, 
from the harmony in their colora- 
tion with that of the flowers in 
which they hide, or the leaves on 



which they may rest, elude the 
grasp of insectivorous birds. 

Sub-class 4. Hexapoda. — The 


Fig. 821. — Embryo Spider, btlll 
more advanced. Thi« and Fig. 
after C'lapatddo. 


triregional division of the body is better marked in the 


genuine winged insects than in the Myriopods and spiders. 
They have compound as well as simple eyes ; two pairs of 
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wings ; three pairs of thoracic legs ; often a pair of jointed 
abdominal appendages, besides the ovipositor or sting which 
morphologically represents three pairs of legs. 

There are eight orders, forming two series : first, the 
Heterornetahola, comprising the Tliymnura, Neuroptera, 
Orthoptera, Heiniptera, and (Meoptera, in which the meta- 
morphosis is either incomplete or complete ; the body 
shows a tendency to become flattened ; the prothorax is 
usually large and flattened ; the mouth-parts (except in the 
Hemiptera) adapted for biting. There arc a number of 
wingless forms. 

The second series of orders, or Metahola, comprising the 
Diptera^ Lepldoplera, and llymempterd^ usually have a 
cylindrical body, with the prothorax small, the mouth-parts 
often adapted for sucking or lapping up licpiid food ; with 
a complete metamorphosis, the larva being worm-like, 
cylindrical, very unlike tlic adult. 

Order 1. Thymnura . — The spring-tails {Podura) and 
bristle-tails (Lepisma) represent this group. They are 
wingless, with some affinities to the Myriopods, and the 
typical form Campodea (Fig. 324) is regarded as the ances- 
tral form of the six-footed insects, as it is a 
generalized type, and forms like it may have 
been the earliest insects to appear. 

In Podura, the spring-tail, and also in 
Smyntli urus {Smy7ith u ru s quadrisignatus 
Pack., Fig. 322), the characteristic organ is 
a forked abdominal appendage or spring,’’ 
held in place by a hook ; when released the 
spring darts backward, sending the insect 
a opring't 4 ul, high 111 the air. 

Enlarged. commonest Poduran is Tomocertis 

plumheiis Linn. (Fig. 323), found all over the northern 
hemisphere in North America and Europe. The snow-flea, 
Achorutes mincola Fitch is blue-black, and is often seen 
leaping about on the snow in forests. 

The Podurans belong to the suborder Collembola ; the 
higher forms, which bear a greater resemblance to the larvae 
of Neuropterous insects and to the young cockroach, are 
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the Cinura, to which belong the genera Oampodea (P'ig. 



324h Lepisma, and Machilis. 

In these Thysanura there is no 
spring, but the tail ends in two or 
three bristles ; and in Machilis, 
the highest form, there are com- 
pound eyes ; in all there are 



Fig. S28.— A Podiiran {'rof/ufrera.f) ainl ifn nralf*.'*. Mucli anJiirginL 


jointed abdominal appendages, wliicli 

structures are iini(|Uo among Ilexa- ^ \ 

podous insects, Oampodea Ataerl- ^ I I 

cana Packard is a small white slender \ {_^ I (I 
form, with long, many- jointed an- O I I 

tenna;, and two long, slender jointed j I 

caudal appendages. It lives under 1 X-l ) V 

stones, and 0, Cooke i Packard lives ^ \ U ^ 

in Mammoth Cave. / ” V ^ ^ 

Order* 2. Neuropier a, — This group ^ 

of net-veined insects is interesting \{y)n 

from the fact that the existing ||I^ 

families are widely separate, owing | I 

to the geological extinction of inter- I \ ( \ \ 

mediate links found fossil in the / \ \ ) 

Devonian and Carboniferous strata. / \ V 

The mouth-parts are free, adapted ^ 
for biting ; the wings are broad, the ^ „ aamwdua. a, 
hinder pair sometimes larger than manaibic^ ; maxi la. 
the front pair, and both pairs are finely net- veined. The 
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metamorphosis is either complete or incomplete. Many of 
the species are aquatic. There are ten existing families, 
and certain species of most of these families resemble or 
anticipate the higher orders that succeeded them in time. 
Thus the caddis-flies would be easily mistaken for small 
moths ; the Mantinpa mimics Mantis, the Psocus mimics 
the plant-lice, and the white ants which appeared in the 
Coal Period foreshadow the genuine ants, which first ap- 
peared in the Tertiary Period, wonderfully in form as well 
as in the extreme differentiation of the individual, involv- 
ing a complicated colony with numerous members of the 
entomological body politic. 



As many of the larval Neuroptera live in the water, the 
various forms of external gills are of high interest. In the 
case-worms, which construct tubes of sand, bits of leaves, 
etc,, the gills are slender filaments permeated by air-tubes 
and situated along the side of the body. In the larval and 
pupal dragon-fly (Fig. 325) the water passes into the intes- 
tine, where there are folds rich in minute tracheal branches. 
In the smaller dragon-flies, such as Agrion (Pig. 326), there 
are three long, leaf-like gills, interpenetrated by air-tubes. 
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In the May-fly (Fig. 327) the leaf-like gills grow out from 
the sides of the body. In the larval and pupal Perla 


(Fig. 328), tufts of gills are situated on the under sidt* of 



Fig. 837.— May 'fly and larva, the latter enlarged. 


the prothorax, and in 
the adult winged Pfe^ 
ronarcys these gills 
are retained. Both an 
European and Brazil- 
ian Caddis-lly has been 
found to possess gills 
in the winged condi- 
tion. 

The habits of tlie 
Neuroptera are most 
interesting ; the ant- 
lion in the larval state 
constructs a pitfall for 
unwary insects. Its 
metanior])hosis is (jom- 
])lete, as is that of the 
Aphis-lion (Fig. 329, 
Cfhrysopa or u lata Say, 
adult and eggs). 

As an example of 
mimicry among insects 
is Manti^m (Fig. 330), 


which, in its raptorial fore-legs, strikingly resemblcB the 


Orthopterous Mantis (Fig. 333). 

The white ants top the Neuropterous scries ; they live in 
stumps and fallen trees, and in the tropics do much harm 
by undermining the sills 
of houses, and destroying 
furniture, books, etc. The 
colonies are very large and 

populous. In our Termes „ ^ 

flavipes there are males 
and females, workers and 

soldiers ; the workers being small, ant-like, with small round 
heads, while the soldiers have large square heads, with long 
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jaws ; the pupse are active. Fritz MtiUer found in Brazil 
that one species of Termes was differentiated into six 
different kinds of individuals : viz., a set of winged and 
wingless females ; winged and 
wingless males ; workers and sol- 
diers. A male always lives with a 
female, and a wingless male and 
female may, on the death of a 
winged normal male and female, 
replace them. He found a male 
(king) living with thirty-one com- 
plemental females. In Calotermes 
Fig. 3 ^. interrupta there are no Workers, in Anoploter- 

Say ; and Bide view of the same , _ 4. 

without wings. Natural size.— 'iUCS nO SOldiers. J eVMeS OelhcOSUH 

Emerton dei. Smcathmaii, of the west coast of 

Africa, builds conical hills six feet or more in height. 

Order 3. Orthopier a . — The insects of this group, so called 

from the straight-edged fore wings of the grasshoppers, 




Ng. Lar\'a of the same, but 
older, before the first moult. En- 
larged.— After Braner. 


locusts, crickets, etc., is characterized by their net- veined 
wings and incomplete metamorphosis ; they are connected 
closely with the Neuroptera by the ear-wig {Forficuh). 
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Organs of hearing may be situated either on the fore legs, 
as in the green grasshoppers, katydids, or at the base of 
the abdomen, as in the locusts. Most Orth opt era have a 
large ovipositor by which they burrow in the earth or into 
soft wood, and deposit their eggs singly or in masses. 
Mantis (Fig. 333) lays its eggs in a cocoon-like mass. 

Many Orthoptera, as the crickets, green gra8shopi)ers, 
katydids, etc., and locusts, produce loud, shrill sounds. 



Fipr. 3S3.— An African Mantis^ or soothsayer, with Its ejrg-maes.— From Montelro’s 
Angola. 

which are sexual calls. They stridulate in three ways 
Le,, first, by rubbing the base of one wing-cover on the 
other (crickets and green grasshoppers) ; second, by rub- 
bing the inner surface of the hind legs against the outer 
surface of the front wings (some locusts) ; third, by rub- 
bing together the upper surface of the front edge of the 
hind wings and the under surface of the wing-covers during 
flight (some locusts). 
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Order 4. Hemiptera, — Insects of this group are called 
bugs. They all (except the bird-lice and Thrips) have 
sucking mouth-parts, the mandi- 
bles and first maxillae are bristle- 
like, and ensheathed by the labium 
or second maxilla?. There are no 
palpi except in Thrips and tlie 
bird-lice. The metamorphoses are 
incomplete, the larva being like the 
adult, except that the wings are ab- 
sent. Many bugs secrete a disa- 
grcoable fluid from glands seated in 
the metathorax. The lice are low, 
wingless parasitic ITerniptcra. The 
squash-bug (Fig. 334, Ooreus trifdis) and chinch-bug (Blis- 
sus leucoptcrtis Uhler) arc ty 2 )es of the order. 





Fig. 886.— Sevonteen-year Locust o, ft, pupa ; d, incisions for eggs.— After Riley. 

An aberrant form is Thrips (Fig. 335, Thrips cerealium), 
with long, slender white wings and free biting mouth-partk 
While most insects live but a year or two, or three at the 
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most, the seventeen-year locust {Cicada sepfemdecim Linn., 
Fig. 336) lives over sixteen years as a larva, finishing its 
transformations on the seventeenth ; there is also, accord- 
ing to Eiley, a thirteen -year variety of this species. 



Fig. Splttlo insect, a, larvfl, enlarged ; 6, 
its natural skc. 

The froth insect {Ptyehifi lincatus, I^'ig. 337) abounds on 
grass in early summer. The cochiiuiul insect {Coccuti cadi) 
belongs to the Ooccidw, or bark-lice ; tlie dried female is 
used as a dyestuff, and abounds in Central America. 

Tlie plant-louse (Fig. 339, Aphis viali Fabr.) is provided 
with two tubes on the hind-body from which honey-dew 



Pig. 339. “Apple Apbie. Natural size and enlarged. 


drops, which attracts ants, wasps, etc. In summer the 
plant-lice reproduce asexually, and as there may be nine or 
ten generations, one virgin aphis may become the parent of 
millioBB of children and grand-children. 
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Order 5. Coleoptera . — The beetles form a homogeneous 
and easily circumscribed group, all having the fore-wings 
thickened, not used in flight, and forming sheaths (elytra 



Fij;. 310.— Pine weevil, larva ; pupa. 


or wing-covers) for the hinder pair. The mouth-parts are 
free and adapted for biting. The metamorphosis is com- 
plete. Tlie young or larva} of beetles are called grubs. 
Examples of beetles and their transformations are the pine 



Fig. 341.— Jnno Beetle and Its transformations, 1, pupa; 3, larva.— After Kiley. 

weevil (Pig. 340, Pissodes stroM Peck.) and the June beetle 
(Pig. 341, Lachnosterna fusca Prbhl.). The oil beetle is 
remarkable for passing through three larval stages (Fig, 
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342, Melot angusticollis Say), the first larva being minute 
and parasitic on bees, sucking their blood, while in the 


add 



Fi^r. 342. — Oil noetic, a. firHtlarvn; A, second 1/it va ; r, third lurvu ; r/, pupu. 

second juid third stages it feeds on tlio pollen mass designed 
for the young bees. 



Pig. 34?L-^8tyl€pg chUdreni, male, doraal and aide view, Mocb enlarged. 

The blister beetles {Lytta marginata) undergo a similar 
series of transformations called a hypermetamorphosis. 
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The most aberrant of beetles is Stylops (Figs. 343 and 344, 
8, childreni Westwood), the male of which has minute fore 




Fig. ^.—A6impt(yr iiluminaioj', larva. 



Fig. 846.~The early stages of the common House-fly. A, dorsal and side view of 
the larva ; a, air-tubes : sp, spiracle. C, the spiracle enlarged. jF’, head of the same 
larv-a^ enlarged; bl, labrum (^); md, mandibles ; mx. maxillaj ; at^ anteunse. JST, a 
terminal spiracle much enlarged. D, puparium ; »p, spiracle. All the figures much 
enlarged. 

wings. The female is wingless, grubdike, imperfectly de- 
veloped, and is viviparous, the young issuing from her body 





THE HOUSE- FLY. 



in all directions. A few beetles are pliosphoroscont. 8ueb 
are the fire-flies, the cucuyo of the West Indies, the 0 : 10 w- 
worm, and certain grubs, such as Astrapfor ilhitninaiov 
(Fig. 345), MvlanavtvSy and the young of a sna])ping l>eelh'. 



Fi^. 347.— I5ot fly of the ox and Hn iurvu. 


Wo now come io the second series of orders, ilie Mc/a- 
Ida, 

Order G, Dipfera . — The eoinmon lioUvSt'-fly (l^dg. 34G) Is 
a ty]>e of lliis division, all the rmuulx'rs of ^v]lieh hav(^ but 
two wings, wliile the tongue is especially developtal for lnp- 
ping up lirpiids. The eomnion httust*,- 
fly lives one day in tlic egg state, from 
five days to a week as a maggot, and 
from five to seven days in the itupa 
state. It breeds about stables. 

The Tachina-fiy is beneficial to man, 
from its parasitism in the bodies of 
caterpillars and other injurious insects. 

The bot-fly (Fig. 347, Hypoderma 
hovis DeGeer) is closely allied to the 
house-fly, but the maggot is much 
larger. The larval bot-fly of the horse lives in the stomach, 
that of the sheep in the frontal sinus. 

The Syrphus flies (Fig. 348, Syrphus polilus Say) mimic 
wasps ; they are most useful in devouring aphides. 
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Fig. 349.— Motamorphosis of Sarcopgylfa pen£(ram, or jigger, which lives in the toe 
of the natives of tropical America. 1, egg ; 2, embryo ; 3, Jar\'a ; 4, cocoon ; 6, pupa : 
6, fecundated female ; 7, the same on the third day from its entrance under the skin 
of its human host ; 8, the same after several days' residence in the skin of its host ; 
9, fhlly grown female magnified four times ; 10, head of the same still more enlarged ; 
11, the female beftore it has entered the skin of its host ; 12, the mouth-parts, much 
enlarged ; m, mandibles ; (f, maxillary palpi : u, uuder-llp or labium.— After Karsteu 
and Quyon. 



THE HESSTAN-FLY. 




The fleas (349) are 
wingless flies, allied to 
winged forms intermedi- 
ate between the house- 
flies and crane-flies. 

In the two-winged gall- 
flies (Fig. 350, Ceciduitnjia 
destructor Say, or Hes- 
sian* fly) the body is small 
and slender, with long 
antennae. The crane-flies 
{Tipiila) are large flies, 
standing near the lioad of 
the order, and, like the 
flea and gall-fly, the 
chrysalis is enclosed in a 
cocoon, there being no 
puparium or pupa-case, 
as in the lower flics. 
Lastly, wo have the mus- 
quite (Figs. 351 and 352), 
whoso larva is aquatic, 
and breathes by a j)rocess 



Fij;. 360.- HeHwSun-fly. a, larvn ; puuu; 
c, iiK'ihion in wheal Btalk for lurvii.— Aner 
Fitch. 



FiL'. Sr)!.— vl, larvoi ; c, ItH rcflijiralory tiihc. 
Jr piilMi rct«;)iratory tube, a, two ]mUUk*K 
at llie cud of the i)ody. 


on the end of the body, 
containing a trachea. 

Order 7. Lejcidopleru . — 
The butterflies and moths 
form a w'ell-deflned group, 
and are known by their 
scaly bodies (Fig. 353), 
the spiral maxi lire or 
tongue, rolled up between 
the two large labial palpi, 
and their usually broad 
wings. As the butterfly, 
the type of the order, has 
been described at some 



length, we will only 352 ~ii<'»d or MoNquiso 

® * anteninK ; m. rnaiidjhlcf^ ; mx, 

enumerate some of the maxillarv palpi; Uu lahiun». 


enlarged, a, 

max ilia : 



Fijj 356 — Army-worm Moth. a. male ; 5, female; c, eye; d, male ; e, portion of 
female antenna. Much ma^nifled,— After Riley. 

them stand the clothes and grain moths (Figs. 354 and 355 , 
which are minute moths witli narrow wings. 
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The larger moths are represented by tlic canker-worm . 
the grass army-worm (Fig. 350), and the cotton army-worm 

(Fig. 357), so destructive to 
vegetation ; tlie silk - worm 
moth {Bomhyx inori Linn.), 
of the Old World, and the 
American silk-worm (7 viva 
Bohjjihvnnis Lijin.), (kirtain 
specie's of t !i(‘ silk - worm 
family, calhal basket- worms 
{Ouvtir.as)^ live in cases con- 
structed of short or long strips 
(Fig. 35R). Our natives species 
is Th jirliloptvryx ephvnivra^for- 
Haworth. 

The hawk-moths {Sjili'nn') are distinguish(‘d by their 
large size and very long tongue. Tho liuttorllies dilfer from 
the moths in having knoblKHl anten- 
na*, wliile the <thrysalidcs arc often 
ormimented with golden or silvery 
spots. 

Order 8. HymeiKtidera. — The bees 
stand at the liead of tlie insect series 
in perfection and specialization of 
j)arts, especially the organs of the 
mouth, and from the fact that in the 
course of the metamorphosis from 
the larva to the puj)a the iirst ab- 
dominal segments ])ecome transf(‘rred 
to the thorax — a striking instance of 
the princij)le of transfer of parts 
headward. In the large head, sjiheri- 
cal thorax, and short, conit^al abdo- 
men, the bees are opposed to the 
dragon-flies and other Neuroptera, 
in which the abdomen is long, the 
thorax composed of three homogene- 
ous segments, and the mouth-parts only adapted for biting. 
In the bee there is a marked difl'erentiation of the parts of 




Fi'', .%7.~Eu:g, (•atc'r[)ill«r, nml moth 
of AleHa arqUiacta, tho Cotton Army- 
worm. 
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the first and second maxillae ; the tongue or fleshy prolonga- 
tion of the second maxillae (labium, see Fig. 359, g) being 
very long and adapted for lapping up liquid food in the 
bottom of flowers. 

The Hymenoptera are represented by the saw-flies, the 
gall-flies, the ichneumon-flies and the ants, the sand-wasps, 
mud- wasps (Fig. 3G8), paper-making wasps, and bees. 

The lowest family is tlic UroceridcB, or horn-tails (Fig. 
3G0, larva of Treimx columba Linn.), whose fleshy white 





Fiji. 359.— vSlde viow of the front part of the head of the Humble Bee. a, clypeus 
covered with liairs : d. lubrum ; c, the fleshy <?pipharynx partially concealed by the 
base of the lUMndibles (tf); e, lacinia or blade of the maxllhe. wnh their two-iointed 
palpi if) at (he basse ; J, the labium to which is appended the ligula (,ig) ; below are 
the labial palpi ; h, the two basal joints ; k, comjwund eyes. 

larvae bore in trees. The adults are large, with a long, saw- 
like ovipositor. In the saw-flies (TentlirediuidcB, Fig. 361, 
the pear-slug, Selandria verasi Peck) the larva strongly re- 
sembles a caterpillar, having eight pairs of abdominal feet. 

The gall-flies (Fig. 362, Cynips) are small Hymenoptera 
which lay eggs in the leaves or stems of the oak, etc., which, 
from the irritation set up by their presence, causes the de- 
formation termed a gall. 
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The ichneumon-flies (Fig. 363) are very numerous in spe- 
cies and individuals ; by their ovipositor, often very long, 
they pierce the bodies of caterpillars, inserting several or 
many eggs into them ; the larv® develop feeding only on 
the fatty tissues of their host, but this usually causes the 
death of the caterpillar before its transformation. Certain 
minute species, with veinlcss wings (Fig. 3G4, Platygaster) , 
of the canker-worm eggs, are egg-j)arasites, ovipositing in 
the eggs of butterflies, dragon-flies, etc. 



Fiff. 860 .— Ilorn- 
trtil : lar\'aof Tre~ 
mttxcolurnlfa. Nat. 
gize. 



The family of ants is remarkable for the differentiation 
of the species and the consequent complexity of the colony, 
the division of labor and the reasoning powers manifested 
by the workers and soldiers, which, with the males and 
females, constitute the ant-colony. 

Certain ants enslave other species ; have herds of cattle, 
the aphides ; build complicated nests or formicaries (Fig. 
), tunnel broad rivers, lay up seeds for use in the winter- 


i il'. 80r).~-(Ecodoina, or Leaf-cutter Ant of Nicaragua, —After J3elt. 

tliey liHvo siifticieiit misonirig powers to meet the exigencies 
of their life ; their ordinary acts being instinctive — nanielv, 
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their leaf -cutting habits ; the soldiers luivo largo triangular 
heads, while the workers have niueh srualUu* rounded hi‘ads. 
Fig. 307 represents a species of Eel ton. 



''Fho imid-daulaTs (7 V/e/>^ro/.s*, I^’ig. 3f>8) hnild their nests 
against sknu* walls, of ]>ell(ds of mud, wliil(‘ the sand- and 
iiuid-was])s dig deep holes (Fig. 309, t<j)hr.r ifh, 



Fig. IWJ. Siiu(l-wii'j) Niitnial ni/.o. 


Linn.) in gravelly \valks, and have the instinet to sting'- 
grasshoppers in one of tlie thoracnc ganglia, tlius ])aralyzing 
the victim, in which the wasp lays her eggs ; the young 
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hatching, feed upon the living but paralyzed grasshoppers, 
the store of living food not being exhausted until the larval 



Pig. 370.— Nest of Andrcna. g, level 
of crouiid ; a. firet-mado cell, con- 
taining a pupa ; b, I, larvaj ; c, pollen 
mass with an egg laid on it ;/» pollen 
mana freshly deposited by tlie nee.-— 
Emerton tf«. 


wasp is ready to stop eating 
and finish its transformations. 

The genuine paper-making 
wasps are numerous in species; 
here the workers are winged, 
and only differ from the 
females or queens in being 
rather smaller and with unde- 
veloped ovaries. The series of 
genera from Odynerus, which 
builds cells of mud, and in 
which there are no workers, 
up to those which have work- 
ers and build paper cells, such 
as Polistes, is quite continu- 
ous. The genuine paper- 
making wasps, such as Vespa, 
build several tiers of cells, ar- 
ranged mouth downward, and 
enveloped by a wall of several 
thicknesses of paper. In the 
Vespm, the females found the 
colony, and raise a brood of 
workers, which early in the 
summer assist the queen in 
completing the nest. 

The bees also present a 
gradual series from those 
which are solitary, living in 
holes in the earth, like the 
ants (Fig. 370, nest of An- 
drena vicina Smith), and form- 
ing silk-lined earthen cocoons, 
to those which are social, with 
winged workers, slightly dif- 


fering from the cjiieens. The queen liumble-bee liybernates, 


and in the spring founds her colony by laying up pellets of 
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pollen in some subterranean mouse-nest or in a stump, and 
the young hatching, gradually eat the pollen, and when it 
is exhausted and they are fully fed, they spin an oval cylin. 
drical cocoon ; the first brood are workers, the second males 
and females. The partly hexagonal cells of the stingless 
bees of the tropics i^Melijjona) are built by the bees, while 
the hexagonal cells of the honey-bee are made by the bees 
from wax secreted by minute subcutaneous glands in the 
abdomen. Though the cells are hexagonal, they are not 
built with mathematical exactitude, the sides not always 
being of the same length and thickness. 

The cells^made for the young or larval drones are larger 
than those of the workers, and the single queen cell is large 
and irregularly slipper-shaped. Drone eggs are supposed by 
Dzierzon and Sicbold not to be fertilized, and that the queen 
bee is the only animal which can produce either sex at will. 
Certain worker-eggs have been known to transform into 
queen bees. On the other hand, worker-bees may lay 
drone eggs. The maximum longevity of a worker is eight 
months, while some (jiieejis have been known to live five 
years. Tlie latter will often, under favorable circum- 
stances, lay from 2000 to 3000 eggs a day. Tlie first brood 
of workers live about six weeks in summer, and are suc- 
ceeded by a second brood. 


Class II.— INBECTA. 

A distinct head, thorax, and. abdomen ; breathing by trachem ; vxnutUy 
with a rnetanurrphom. 

Sub class I. Malacopoda . — Kumeroussimplc spiracular openings with 
isolated tracheal twigs ; nervous system with an incomplete 
chain of minute ganglia, but the cords widely separated 
(Peripalus). 

Sub-class II. MyriopodA , — Thorax and abdomen forming a conlinuouH 
region, with from six to two hundred joints, each lK*aring a 
pair of genuine legs. 

Order 1. ChilogncUha . — ^Body cylindrical or flattened, with no 
sternum ; a distinct metamorphf sis (Julus, Polydesmus), 
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Order 2, Microscopic ; body of six to nine segments 

besides the bead (Pauropus). 

Order 3. Chilopoda. — Sternum large, body flattened (Scolopendra, 
Litliobius). 

Sun-OLASR III. Araclinidit . — Head and thorax intimately united ; no 
antennse, and only one pair of inaxilln* ; no genuine abdo- 
minal logs. 

Ord£r 1. Amrina . — No thorax separate from the abdomen (Acarus, 
Ixodtvs). 

0, 2. Pedijuilpi . — Maxillary palpi often ending in a forceps or 
(daw ; abdonum distinctly segmented (Scorpio, Phelifer, 
Phalangiuin). 

Order 3. Anincina . — Abdomen rounded, bearing two or three 
pairs of spinruTcts, and attached by a slender pedicel to the 
thorax ; no metamorphosis (Epeira, Mygale). 

Sm-CLAHs IV. lh\va)n)(l<i. — Antenna* always pr(*sent, and two pairs of 
maxilla? ; six thoracic legs ; a genuine metamorphosis. 

Order Th\imni(ra. — Wingless, minub*, with a spring, or ab- 

domen ending in a pair of caudal stylets ; usually no 
coiiipound eyes ; no metamori)ho.sis (Podum, (Jumpodea, 
Lepisma). 

Order 2. —Winged, net-veined, of equal size, pupa 

often active ; abdomen often long and slendei* (Ephemera, 
Libellula, Phryganea, Chrysojai, J\*rla, Termes). 

Ordrr 3. Orthopterd — Wings net- veined ; fore-wings narrow, 
straight, not often ii.sed in flight ; metamorphosis inconiplete; 
pupa active (Forlicula, Locusta, Caloptcnus, Plianeropterji, 
Aoheta). 

Onkr 4. Ihimptera . — ]\Touth parts forming a sucking beak ; pro- 
thorax usually large ; foi*e-wing8 often thickened at base ; 
pupa active (Coreus, Arma, Pentatoma, Cicada, Coccus, 
Ai)hi.s), 

Order h. Ci^optp'a. — Fore -wings thick, ensbeathing the hinder 
l)air, which are alone used iu flight ; mouth-parts free, 
adapted for biting ; meUimorphosis oomple-te (Doryphora, 
Ciytus, jjucanus, llurpalus, Cicindela), 

Order 6. Dtpiera. — Only two wings; mouth-i>arts adapted for 
lapping and siu'king ; a comj)lete metainoiphosi.s (Musca, 
CEstrus, Syrphus. Cecidomyia, Tipula, Culex). 
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7. Lepkhptf.va . — Body and wings covered with seaUs ; 
maxillae lenglheiicd into a very long tongue ; larva- 
(caterpillars) with abdominal legs (Tinea, GeoiiU'ira, Noetua, 
Bombyx, Sphinx, Papilio). 

Order 8. llymcnoptera . — Wings clear, with few' veins ; mouth- 
parts with a variety of functions, i.r., biting, la^ipiug 
liquids, etc. In the higher families the thorax consists ef 
four segments, the first abdominal segment of tlie larva 
being transferred to the thorax in the pupa and imago. 
Metamorjdiosis comj^lete. (Teiithredo, Cyui 2 )s, Ichneumon, 
Sphex, Vespa, Apis.) 


Tabular View of the Hub-classes and Ordeus of Insectv. 




Au V< HNIO A. M YnF<»I*Ol>r\. 


IN SECT A. 


Laboratory Work . — In dissecting Myriopods, spiders and insects, the 
dorsal portion of the integument siiould be carefully removed wiflj 
fine scissors, leaving the hy|K>dermiB untouched ; this should tlnm i>e 
raised, disclosing the delicate heart or dorsal vessel. The alimentary 
canal will be hmnd |)assing through the middle of the body ; it sliould 
he laid open with the scissors, or better, a hardened alcoholic specimen 
can readily 1 h‘ cut in two longitudinally, and if tin? section is true, the 
msophagus and crop — for example, of a locust— can be laid open, ami 
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the rows of teeth examined. The thoracic and abdominal portions of 
the nervous system, which lies loosely on the floor of the body, can be 
readily found by raising the alimentary canal ; but the brain and infra- 
oesophageal ganglia can best be detected by a longitudinal section of 
the head. The ovaries always lie above the intestine, and the two 
oviducts unite below the nervous cord to form the common duct which 
opens on the ventral side of the third segment in front of the anus, 
which is situated dorsal ly. Insects should be dissected in a shallow 
pan lined with wax or cork, and the parts floated out ; fresh specimens 
are desirable. The body may also be dissected, each segment with its 
appendages being separated and glued in their true sequence to a card. 
By simply dissecting an insect in this way, the student will acquire a 
valuable knowledge of the external structure of insects. 



Dragon-fly {IHplax Btita). 


CHAPTER VIII. 


BEANCH VIII. — Vertebrata. 

General CJharacterB of Vertebrates. — Tlie 1‘undaiuental 
characters of the Vertebrates are not the possession of a 
segmented vertebral column, enclosing a nervous oord and a 
skull, and containing a genuine brain, for these features, 
though common to most Vertebrates, are wanting in the 
lancelet {Amphioxus) and in a degree in the hag-lish, and 
even the lamprey ; but the essential character is the division 
of the body-cavity by the notochord (in the lancelet, etc.), 
or by the back-bone of higher Vertebrates into two sub- 
ordinate cavities, the upper (neural) containing the nervous 
cord, and the lower (enteric) the digestive canal and its ap- 
pendages and the heart. These are the only characters which 
will apply to every known Vertebrate animal (compare }). 226 
with Figs. 371, 375 and 376.) 

In general, however, the Vertebrates are distinguished 
from the members of the other branches by the following 
characters : they are bilaterally symmetrical animals, with a 
dorsal and ventral surface, a head connected by a neck with 
the trunk ; with two eyes and two ears, and two nasal open- 
ings, always occupying the same relative position in the head ; 
an internal cartilaginous or bony, segmented skeleton, con- 
sisting of vertebras, from the bodies of which are sent off 
dorsal processes which unite to form a cavity for a spinal 
cord, the latter sending off spinal nerves in pairs * correspond- 
ing to the segmentations (vertebrae) of the spinal column. 

* Except in Amphioxus, in wliich the spinal nerves arise right and 
left nlternately. 
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From the underside of tlie vertebra? are sent of! processes 
articulating with the ribs, wliieli enclose the digestive and 
central circulatory organs. There is a skull formed by a con- 
tinuation of the vertebral column, enclosing a genuine brain, 
consisting of several pairs of ganglia. To tlie vertebral col- 
umn are a])pende(i Iavo pairs of limbs, supported by rays ir- 
regularly repeated, or a series of bones of a definite number, 



Fit; .Tl . — TranHvcr.Mc section a worm. f>f Amphioxtifi, and of a Verti brato con- 
Irastcd. «, oul(‘r or nkiJi luvcr : A, dmual (‘onioTtivo ln>or; <■. HOj;- 

riuMitul ortran ; A, arlorial, and vomtiiM Mood- \ ; g inic-iim* : /, iioiorhord.- — 
Aficr Ilttfoki'l. 

atta(*lu‘(l to tl)(‘ A(U'tebral column by a series of l>ones called 
res})e(^tively llu' shoulder and [)elvic girdle. 

It will be observed tliutllu' fact of segmentation, so prom- 
inent a- feature iu the Worms and Artliropods, survives, or at 
least rea]»])ears in a mark(‘d degree in the Vertebrates, as 
seen not only iu t he vertebral column, but in the arrangement 
of the spinal nerves. It is ]>ereeived also in the arrangement 
of the muscles inlo masses corresponding to the vertebra? ; 
and iu the segmental organs or tubes forming the kidneys of 
the sharks and 3*ays, while segmentation is especially marked 
in the disposition of the primitive vertehne of the early em- 
l)ry(bs of all Vertehrates- 

The digestive canal consists of a mouth with lips or jaws, 
armed with teeth, a pharynx leading to the lungs ; anoRsoph- 
agus and th}roid gland ; sometimes a crop (ingluvies), often 
a fore- stomach (pro ventri cuius) ; a stomacli and intestine, 
cloaca and vent. Into the heghuiing of the intestine passes 
a duet leading from a largo liver ; a gall-bladder, usually a 
I)ancreas, and a spleen, also eommunjeai iug with the intestine. 
'^Phe products of digestion do not all pass through the walls 
of the stomach and directly enter the circulation, as in the 
invertebrates, but tliere is a system of intermediate vessels 
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called the lacteal system or ahsorhents, whicli take up a, pan 
of the chyle from the digestive organs and convey it to tlu' 
blood-vessels. 

There is a true heart, with one, geiuTally two, anri(;les, and 
one or two ventricles with tliick, in uscular walls, and besaies 
arteries and veins, a capillary system, i. r., minute v(‘ssc‘]s 
connecting ilie ends of the smaller arteries with the smaller 
veins. There are no genuine ca])illaries in tlie lower animals 
exactly comparable with those of the Vertebrates. 

The blood is red in all the \'ertebrates exee])t the lancelet, 
and contains two sorts of corpuscles, the white C()r])useUiS 
like the blood-corpuscles of iiivcu’tebratcs, and led cor[)use]es 
not fouml in invertebrates, and which are said by sonni 
authors to be derived from the Avhite cor])uscl(^s. 

While fishes and larval Am])hibians breathe by gills, all land 
and amphibious Verkdirates breatljc the air directly by means 
of cellular sacs called lungs, and connect (‘d by a trachea with 
the pharynx^ tlie trachea being situated beneath the (esopha- 
gus, and the op(ming from the mouth into the ])luirynx lead- 
ing into the trachea being ])laced below the throator passage 
to the (esojdiagus. '^I'he air filling the c(*lls or caN il ies of the 
lungs ])asses l)yosnios(i tliroiigh walls of the e(‘lls into the 
blood sent by the heart througli the ]mlmonary artery, and 
after being oxygenated it returns by the pulmonary vein to 
the heart. On the other liaiul, carbonic; acid passes from 
the blood out of tlio lungs tbrougii tlie trachea. 

The nervous system of Vertebrates consists of a brain and 
spinal (.-ord. The brain consists of four pairs of lobes, i. 
the olfactory lobes, cerebral hcmispliereH, the optic ihalami 
(Thalamencej)halon) and pineal gland, and the optic lobes; and 
two single divisions : the eendxdliim and the )>eginning of the 
spinal cord, called the vmluJht ohlovfiata. The olfactory lobes 
are the most anterior, and send off the nerves of smell to the 
nose. The cerebral hemispheres in the fishes and am})bibiuns 
are little larger than the adjoining lobes, but in the r(*ptile& 
become larger, until in the mammals, and esjiecially in the 
apes and man, they fill the greater part of the brain-box and 
overlap the cerebellum ; the latter, in the mammals, also 
exceeding all tin* other lob(*s in size, e\c(*f)ting the ('(ax'bnnm 
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Attached to a downward prolongation (infundibulum) of the 
optic tlialami is the curious pituitary body. The medulla 
sends nerv^es to the skin and muscles, giving sensibility and 
motion to tlie face, eyes and nose, to the larynx and sensitive 
portion of tlie lungs ; a 2)air also is sent to the lungs and 
heart. If the spinal marrow is severed, the jiarts below are 
})aralyzed ; if the medulla is cut or broken up mammals die 
at once, while the lower Vertebrata die sooner or later. 
The brain in an orrihryo originally consists of three vesi- 
cles or 2)rimitive lobes ; and the correspondence between 



Fip;. 872.— Diagrammatic, longitudinal and vertical section of a Vertebrate brain. 
Mb, mid brain; what lies in front of this i« the fore brain, and what lies behind, the 
hind brain. L, lamina terrainalis ; O//*, olfactory lobes; Hmj>, cerebral hemi- 
spheres ; Th K, thalamencephalon ; P/i, pineal gland ; Py, pituitary body ; FAT, fo- 
ramen of Munro ; CS, corpus atriatura ; Th, optic thalamus ; CO, corpora quadri- 
gemina ; CO, crura cerebri; Cl, cerebellum ; PV. pons varolii ; MO, medulla oblon- 
gata ; /, olfactorii ; II, optici ; IIL point of exi£ from the brain of the Motores 
oculorum ; / V, of the pathetici ; VI, of the abducenlcs ; V~XII, origin of the other 
cerebral nerves ; 1, olfactorr ventricle ; 2, lateral ventricle ; 3, third ventricle ; 4, 
fourth ventricle.— After Huxley. 


the three primitive lobes, called respectively the fore, mid, 
and hind brain, may be seen by the following table : 


Tabular View ok the Subdivisions ok the Vertebrate Brain. 

Olfactory lobes or ganglia, with their ventricles (rhinen- 
cephalon). 

Cerebrum or cerebral lobes or hemispheres (with the 
Fore brain lateral or first and second ventricles, forming 

the prosencephalon or prothalami). 

Optic thalami, with the third ventricle and conariuni 
above and hypophysis below (Thalamencephalon ; 
pineal gland). 
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Optic lobrs, corpora bigeniiua or quadrigemlua (meaen- 

Mid brain. J ^ cepbalon). 

Crura cerebri. 

Optic ventricle or Iter a tertio ad quartum ventriculum. 


Cerebellum (with ita ventricle and the pons varolii, form- 
Hind brain. ^ ing the metencephalon). 

Medulla oblongata and fourth ventricle. 


The accompanpng sketches represent the typical nervous 
system of an amphibian, which also resembles that of many 
fishes, and even the lower Feptilia. 

The spinal cord (Fig. 374) usually A 

extends through the whole length of ^ /T" \ 

the spinal canal, except in the toads 1 ) 
and frogs, birds and many mammals, 
where it stops short of the end of its 
canal. In those Vertebrates with ^ f 

limbs, the cord enlarges where the ;N j i 

nerves which supply them are sent off ; J jL ^ J 

these are the cervical or thoracic, and ^ ^ 

lumbar enlargements, especially large* W K j ^ 

in turtles and birds. The white and 1 Iw ^ L 

gray substance of the brain continues Ilf i r 

jn the cord. 

As the most essential characteristic /l/\ /\A 

of Vertebrates is the internal skeleton I / ! 

(endoskeleton) we will enter more into ^ ^ 

detail in describing it, and afterwards 
notice the external skeleton (exo- 

373— Brain and spinal 

sKeieton;. ^ ^ 


373— Brain and spinal 

sKeieton;. 

In the embryos of higher Vertebrates factory ^iwg^il'cTrebV.i 
and in the adult lancelet, hag-fish and h'- <M>heTe » ; c, '(>j,nc ; 

’ o rf, ..V. ^helium In the form of .. 

lamprey, the vertebral column is rep- lamella bridging over the 

^ , V 1 1 1-1 . / . f fourth ventricle («) ; m, spinal 

resented by a rod-like axis {notochord cord; f, terminal cord. -After 
or chorda dorsalis) which is composed 
of indifferent, or only partly organized cells, the substance 
of the chord resembling cartilage. These chordal cells secrete 
a membrane called the chordal sheath. The notochord is not 
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segmented. In all Vertebrates above the lamprey, the verte- 
bral column grows around the notochord, which finally 



Fiij, 374.— Traiisverpe pection through the spinal cord of a calf, a, anterior, h. 
posterior longitudinal fissure ; c, central canal; d, anterior,#!, posterior cornua; /, 
substantia gelatinosa; j/, anterior column of the white substance ; h, lateral, i, pos- 
terior column ; /t, transverse commissures. —After Gegenbaur. 

Fig. 375.— Section through the vertebral column of AminoctPtes (lamprey). <7A, no- 
tochord; chordal sheath ; /«, spinal chord ; a, aorta; r, veins. 

Fig. 370.— Section through the spinal column of a young Balmon. Cfi, notochord ; 
€H, chordal sheath; ?«, spinal chord ; k, superior, k\ inferior arch (rudimentary) ; a, 
aorta ; ??, veins.— After Gegenbaur. 

forms the central portion of the bodies of the vertebra9, and 
in tlio higher Vertebrates is wholly eifaced ; the centra or 
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bodies of each vertebra of a lizard, bird or mammal being 
solid bone. Pigs. 375 and 376 represent the relations of the 
notochord in an adult lamprey and a young lish. 

The vertebra of a bony fish 
or higher vertebrate consists m 

of a body, with a dorsal or 
neural spine; a pair of oblique / 
processes (zygapophyses) arch i ng f / 

over and enclosing the spinal ■ < T i J j j 

cord ; and transverse processes^ \ ^ ^ ^ / j 

bending downwards, to which / / 

the ribs are articulated ; certain 
of the thoracic ribs uniting 

with the 6*/6T;z?^m or breast-bone J:: ^ , 

^ Fi;;. 37 7.-~T)ia!:rJ'rtni of a Vrrf.'t^ni 

(Figs. 377 and 378.) ■with its body tr>), riU (r),hri‘iiKt l>()no 

^ ® .1 1-1 ,1 i! 1 Hpiiii'; y, .'I, fore and 

Vertcbrmllke t nosooi Iislies, hind oblniuc jh'occhmcs ; 4 , tnuiHvcrHn 

winch are hollow or concave at 

each end, are said to be amplncwlovs ; those holloAv in front 
aiui convex l)e]iiud q^rocwlous^ as in most toads and frngs 

and crocodiles, and most existing 
J lizards, and those convex in front 

^ ^ *i^*d concave belli nd opisi hortplous^ 

as in the garpike, some Ainphih- 

^ JtllL--'- ians (the salamanders and cer- 

Pipa'dml Bombiiador), 

^ , Wa'tcbrates never have more 

Fip. 37S.— Thoracic vertebra of . , 

buz7.tird(nutco vuiu'ariH). <vijr.mrn than two pairs of limits, ail ail- 

or body; ,v, supi^rior ftpiiioiis pro- . i i • t • u 

cc8«; (r, uaijHserHc pruo.jHs ; ia, tei’ior uiid liiiider pal r ; tiicpeclo- 
rib : tuberculiim of Ihe rib • ca- i • p r. p r» i j 

pilnlum of the rib. — After (4cgeii- pair of finb of fisluiS ICjncScnt 

the fore limbs of Ampliibiens and 
higher Vertebrates, and the arms of man ; the two ventral 
lins represent the hind legs of higher Vertebrates, and the 
legs of man. Fiach juiir of limbs is connected by ligannaits 
and muscles to a girdle or set of bones, called rcspecdively 
the shoulder girdle and pelvic girdle, eacii girdle being con- 
nected by muscles to the vertebral column. The shoulder 


girdle consists of a clavicle (or collar-bone), srapnla (or 
shoulder-blade), and coracoid bone, usually a process of the 
scapula. These bones differ greatly in the different classes, 
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and are reduced to cartilaginous pieces in sharks. The pelvic 
girdle, or pelvis, consists of three bones, i.e,, one dorsal, the 
ilium, and two ventral, the anterior of which is called pubis, 
and the posterior ischium. 

The limbs each consist of a single long bone, succeeded by 
two long bones, followed by two transverse rows of short 
wrist or ankle bones, and five series of long finger or toe 
bones, called phalanges. For example, in the fore limb of 
most Vertebrates, as in the arm of man, to the shoulder gir- 
dle, i.e,, at the point of junction of the three bones com- 
posing it, is articulated the humerus ; this is succeeded by 


Pig. ‘MU. Po 


Pig 880. 

Fig. 379.— Sternnm and shoulder girdle of Prog {Rana 
terniH/raHa). ?), body of the steruum ; 8C. scapula ; sc'., 

Bupra-scapula ; co, coracoid bone, fused in tno middle line 
with its fellow of the opposite side («) ; cl, clavicle ; e, epis- 
ternum. The extreme ^aded double portion below p is the 
xiphistemiim. The cartilaginous parts are shaded.— After 
Gt^enbaur. 

Fig. 380.— Fore-leg of a seal. S, scapula ; ff, hnmems ; 

0, olecranon or tip of elbow ; R, radius ; U, ulna ; jPo, 
pollex, or thumb. 

Fig. 881.— Pelvis or pelvic bones on one side of a marsu 
pial (Kangaroo). 63, ilium; a, situated on the pubic bone 
Ipubis) indicates the acetabulum or concavity for the artic- 
ulation of the head of the femur ; 68, iachium, consolidated with the pubis. The 
three bones thus consolidated form the os iunominatam ; m, mareapial hones ar- 
ticulated to the pubic bones. —After Owen. 

the ulna and radius, the wrist-bones or carpals, and the fin- 
ger-bones or phalanges, the single row of phalanges forming 
a digit (finger or toe). To the point of union (acetabulum. 
Fig. 381, a) of the three pelvic bones is articulated the fe- 
mur, or thigh; this is succeeded by the tibia and fibula 
(shank-bones), the tarsal and metatarsal bones (ankle-bones), 
and the phalanges or bones forming the digits (toes). 

Figs. 383-385 represent the simplest form of the posterior 
limbs in the higher Vertebrates, that of the bird showing an 
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extreme modification iu form. At first all limbs arise as 
little }>ad8, in which the skeletons subsequently develop, ami 
in early life the limbs of all Vertebrates above the fishes 
much alike, the mod- 
ifications taking place 
shortly before birth. Ac- ^ly 

cording to Gegenbaur yW* 

and others, the limbs of w ^ 

V^ertebrates have been 

probably derived from ^ p' 

the pectoral and ventral 1 

fins of fishes in which "fl ^ •'7^ 

the^ fin-rays are irrela- ./ 

In the tins of fishes w 

there ia a simple system * 
of leverage ; in the limb- “ ^ I'- 

of higher air-breathing 382.— a, sknll h, vcrlobrm; r, wamnn, 


\"f>rf.phmti'‘«j formed hv tiud ifn coniiimalion (tiroHfylo) ; Htiprascap 
> crieorarcs, lornu u u\ humeruH; //, fore arm hotmn ; /, wri^i 

wnlkino* on land a corn- bon«» (oarpalB and mctrtWirpalH) ; d, Ilium ; in, 
WaiKing on lanu, a com ,t,.uuir); n, leg bone (ulna) : o, cloti^Hti-d 

pound system of lever- flr«t i)air of ankle-b^ont'M (tarwalM) ; p, y, loot 
^ . bones or plmlaagca.— After Owen. 

ago (Wyman). 

The head of all Vertebrates above the lancelet is snpportiMl 
by a more or less perfect cartilaginous or bone framework, 
the skull (cranium), or bruin-box (Fig. 386). It is a contin- 
uation of the vertebral column, and protects tire brain, 
besides forming tho sii])port of the jaws, tongue-hone 
(hyoid bone), and branchial arches. The series of lateral 
(visceral or branchial) arclics varies, but there may bo nine ; 
the most anterior (if it be counted as the first one, Fig. 
387, a, d, c) is formed by the labial cartilages (frahmulm 
rranii ) ; next comes the mandibular arch (o, n), which is sne- 
ceeded by the hyoid arch (IT.) and the six branchial arches. 
In the embryos of all Vertebrates these visceral arches are 


♦A modified form of this theory ie advocated by Bwlfonr and .T. K. 
Thatcher, who attempt to show that the limbs with tludr g-irdles w#t« 
derived from a series of similar simple parallel ravs, and that they 
were orijrinally a specialization of the continuous lateral folds or fins of 
embryo fishes, and probably homologous with the lateral fol Is of the 
adult lancelet (Amphioxus), 
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well marked ; of the slits or openings between them, the 
first is destined to form the mouth, the next pair of slits 



PifT. Hind leg of a larvnl Balamander. The dotttul linos are drawn through 
the rays to which, tuo different pieces belong, JFV, femur : 7\ tibia ; F, fibula ; i, i, 
c, f, tiirsal bones ; i, os intermedium ; t, tibiale ; /, fibulart' ; c, ceutrale ; 1-5, the 
five tarsals. The first row of phalanges are called metatarsals (in the baud, meta- 
carpale). 

Fig. 384.— Bones of the foot of a Reptile Oizard) A, and an embryo bird, B. /, fe- 
mur ; f, tibia ; n, fibula ; f#, upper, ft, lower pieces of the tarsus ; m, metatarsus ; 
i- V, metatarsalla of the toes. 

Fif. 886.— Leg of the Buz/>ard {Buteo rul^aris), a, femur ; b, tibia ; F, fibula; c, 
tarso-metatarsus ; t*', the same piece isolate, and seen from in front ; dd\ d", 
the four digits or toos. — After Qegenbaur. 

in the Amphibia and higher Vertebrates forms the ear-pass- 
age. while the other slits may remain open in fishes, form- 
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ing gill-slits or spimclos, but are closed in the higiior Verte- 
brates. As a rule, the skull is syinmetricak exeejdionslH'iug 
found in tlie flounders and the bones about tlie nose of eer- 



Fitj. 38(j.- Skull of the Lion 2, (Hxipital coiulylc ; 7, rurioUil hoTU- ftiui KnKiltal 
croht ; H, iu.r()C('ipital ; 27^ 8(HUun(»Hnl hoiu' ; 27, V.ygomutic arch ; 2ti, malar hoiu' ; 
11, Irontal bone ; 12, ponl-orbilal process; 15. iiaHal Ixnic ; 21, inaxillury Ixuie ; 22, 
prenmxilhiry hone ; :12, mandible ; d, occipital tiexl ; c, canine teeth ; necond pre- 
molar ; )nl, molar looth. —After Owen. 

tain wbales and porpoises. 1’hc base of I1 h‘ skull is )>(‘rfo- 
rated for the exit <»£ th(‘ nerves ]iroe(‘(‘(ling fi'oin the base of 
the brain, and tlu^ binder boiM‘ :orr//o//) is ])erforat(‘d { fora- 
men magnum) for 
the ])assa.ge of the 
spinal cord from the 
medulla (jblongatji. 

It is })robal)le that 
there is a general 
parcllelism between 
the head of Insects 
and Vertebrates, 

i,€., that while the Fip, IW?.— Skull and visceral MkeU ton of a SeUichia 
, tdia'^ram). ore, (xcipital legion; la, wail of the lahy* 

head of insects, for rintli ; ttn, eUmioldui re;;ion ; //, nanal pit ; a, fir.Mt, b, r., 

, • i p t'ceond labial cart llag<! ; o, Mioerior, x, inferior p(»rt ion 

example, consists of ol the maiidihular arch /. ; //., hy<nd arch; III. VUl. 
^ L ■ 1 p (l-t>), Imiuchial nrchcH.— After OcKcnhatir. 

a certain number of ' 

segments, liornologous with those of tlte rest of tlie body, 
and witli mouth-])arts homologou.s witli tlie limbs ; that the 
skull is also segmented, and an expansion and continuation 
of the vertebral column. Gegeiibaur even inaintains that 
the various arches of the head arc homologous with the limbs. 
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On the otlier hand, while the brain of insects is a single 
pair of ganglia like those of the rest of the body, the differ- 
ent ganglia forming the brain of Vertebrates are coireen- 
ti'ated in the head alone ; still the different pairs of nerves 
sent off from the base of the bmin are homologous with 
the spinal nerves, sent off at intervals corresponding to each 
vertebra. 

There are two theories of the composition of the skull. 
That of Oken, (.loethe, and of Owen, who believed that the 
skulls of the bony fishes and mammals were composed of 
tlii’ce or four segments. It should be notic(‘d that these 
views arc based on an examination of bigbly s])eeialized ver- 
tebrates. From a study, however, of the more gc^neralized 
types of fish(‘s (such as the sharks), and the embryos of ver- 
tiibrah's belonging to different groups, flu* old vertebrate 
tlujory of tlui skull lias been discarded, and the view of (Je- 
genbaui*, eonflrm(‘d by Saleiisky, is probably nearly the cor- 
rect one. As stated by (legenl)aur : 

I. The skull is comparable to a portion of the vertebral 
column, wbicli contains at least as many vertebral segments 
as there are bramdiial arches. This view is borne out by the 
following facts : 

a. Tlie notochord, which forms the foundation of the 

vertebral column, ])asses through the cranium in the 
same way as it passes through the vertebral column. 

b. All the nerves which }>ass out of Iho base of the 

skull (or that })ortion traversed by the notochord) 
are homologous with the spinal nerves. 

c. The dilfereneo between the skull and vertebral col- 

umn consist of secondary adaptations to certain con- 
, ditioiis, which arc external to the skull, and are 

partly due to the development of a brain. 

'1. The skull may be divided into two regions, a vertebral 
portion and an anterior evertcbral portion, lying beyond 
the end of the notochord. 

3. The number of vertebrae which enter into the forma- 
tion of the skull are nine at least (according to Salensky, in 
the sturgeon, seven) ; the exact number is immaterial. 
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In the lancelet there is no skull, or oven th(‘ rudiments of 
one (unless the semi-eartilaginous supports of tin' tentacles 
be regarded as such), henee the Vertebrates are divided into 
the skulless or acrauiaic {Arranid, represenU'd by tlic liinee- 
let alone) and the skulled or rraniaie {Cnfuioia), the latter 
series com})rising all forms from the liag-tisli to man. In 
the Craniota the skulls may be, according to (legenbaiir, di- 
vided into two groups. In the hag and lampre\ tlie noto- 
chord is continued into the base of a small cart ila<rinous 

r> 

capsule, enclosing the ])rain, and whicli re]>resenls (lie skull 
of higlier Vertebrates ((h*aniota). This capsule ladiind is 
continuous with the S)>inal column. 

With the skull of the second form two jaws are drveh»}»ed, 
hence all the veHehrates above the hag and lam]uvy form a 
series {(hiatho)<foiiiafa) o[)p()S(‘d to tlu‘ foniu'r, or ([f/cias- 
tomafa. 

In the (hinthoshnud/d tlnu'c' is a gra<Iual mo(li(i(‘atiou and 
porfe(‘tion of tlu^ skull. In tlie sharks it may lx? (piiti' sim- 
ple and eartilaginous ; in the bony lisluss it. is liighly sja'clal- 
ized, consisting of a large niimher of s(‘]>arait‘ hoiu'S. In 
the ‘Amphibians we first meet with a skull consisting of few 
bones, easily (*omi)arahle with tliose of mammals; in the 
reptiles and birds tlu^ ear-hones arc external, forming the 
large (piadrate-)>one by which the lower jaw is arii(!ulated to 
the skull. A progress is seen in the mammals where the 
quadrate-bone becomes internal — one of the ear-hones (t.iie 
incus). Xowalso, the l^raiii Ix'coming much larger, evincing 
a mmdi higher grade of intellect, the skull is greatly en- 
larged to accommodate the great increase in size of tlio 
cerebrum and cerebellum, the perceptive and reasoning fac- 
ulties predominating over those regions of the brain and 
skull devoted to pen'.eiving, grasping, and masticating the 
food. 

Though not pro])erly forming part of the skeleton or de- 
veloped w'itli it, we may liere consitler tlie kx^th. 

The teeth of Vertebrates are formed from tlu* modified 
epidermis and cutis, or dermis; tlie former secretes the 
enamel and the latter is changed into the ]ml}) or dentim*. 
The simplest form of tooth is conical. In the jawiess hag 
there are no teeth in the lips, but a single median tooth on 
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tlio ])alate and two rows of comb-like teeth on the tongue. 
In tlie lamprey the edges of the circular mouth are provided 
Avith circular rows of conical horny teeth. The teeth of 
higher Vertebrates are derived from the cells of the mucous 
membrane of tlie mouth, which is formed of connective tis- 
sue as Avell as epithelium. The teeth of tishes are developed 
not only in one or several rows in the lip, but may also arm 
the bony projections into the mouth-cavity of the palate, 
vomer and j)arasj)henoid b<)iu‘S and the hyoid and bran- 
chial arches. In the Amjdiibia teeth survive on the palatine 
and vomerijie boiu's, more rarely on the parasphenoid ; among 
the reptiles, the snakes and lizards alone have teeth on the 
j)alatine and ])terygoid bones, while in the crocodiles and in 
mammals the teeth are confined to the maxillary bones. In 
the geckos, snakes and the crocodiles, as well as the mam- 
mals, the t(‘eth are inserted in sockets (alveoli) of the jaw. 
((iegenbaur.) 

In certain extinct birds [Odontoruinies) there were teeth 
in till' jiiws, though all existing birds are toothless. It is 

said that rudimentary 
teeth Avere found by 
(leoffroy St. Hilaire in 
the juAvs of a parrot. 
Blanchard afterwards 
found the germs of 
teeth there, though 
they never come 
through. In the Mam- 
mals the teeth are dif- 



Fip. 383.— Teeth of Tasmanian devil. The fcreutiated illto inci- 
incisors are situated in front of the large conical • _ 

canine teeth, g, .3, premolare ; 1-4, lour molar SOrS, CanillCS, prcmo- 

teeth.-AfterOwen. 


383). In descriptive anatomy the teeth are for convenience 
expressed by a formula, the number of teeth of the upper 
jaAvs being placed like the numerator of a fraction, and those 
of the lower jaAV like the denominator, the initials of the 
names of the teeth being placed before the figures, thus 


the dental formula of man is 0 \ ; P 

/w — JL 1 iV /V 
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In the fishes, Ampliibians jind reptih's, the worii-out teelh 
are replaced by a succession of new ones ; in inaniinals (('x- 
cept cetaceans, wlierc* there is no chan^ife) there is but a single 
change, the first (milk) teetli ]>eing rejilaced by a strond.set 
of piu’manent teeth. The teidli of t)i(‘ lower \\‘rt(‘brat(‘s 
are sIkmI whih* swallowing tin* baxl. In the boa (Pvt bon) 
the teeth thus shed are found scattered along the intestinal 
canal and are discharginl with tlio remnants of the food 
(Wyman). 

The dermal or esoskelcion consists of tlie scales of Mshcs, 
reptiles and certain mammals, such as the armadillo, the 



Fijr. 8H4.— V<‘rncal wrlion throuKl* iho hUIii of an omhrvcnilr (\ corlutn or 

d^rmin ; c, r, r, layeriH of the corljuu ; d, npiHTinoi^t. layer ; //, papilla ; A’ epIdmniH; 
e, it« luy<T of c<jluinnar cellh; o, onaracl layer.-- Afler tJe^^enbatir. 

f(‘athers of birds and the hairs of mammal.-^. Most scah^s 
arise from dermal })a])illa‘, (Fig. 3H4, ;>), and are (jovenMl ov(*r 
by a layer of enamel (Fig. 3S4, o) develop(*d from tb(‘ epider- 
mis ; so that the scales of sharks and rays, and turtles, 
arise from both the dermis and eiiidermis. 

A hair or feather is a modific^ation of a scale ; the papilla 
is sunken in a pit of the dermis, the (*onical t-'ap of (‘pi- 
dermis arising from it ultimately forming the liair or fcathco-. 
The plates of turtles, the scales of snakes and lizards, and 
feathers of birds are epidermal. In the horns of mammals, 
as of the rhinoceros, and the hoofs of the horse, tin; (epi- 
dermal substance is penetrated by numerous long dermal 
papilla*. 
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The head of the sturgeon, garpike, and of other ganoid 
fishes, is protected hy solid dermal bones, and the shells of 
turtles are dermal structures. 

'[’he color of the skin of Vertebrates is due to pigment- 
granules situated cither in the epidermis or dermis, and in 

the chameleon they 
are contained in special 
sacs (chromatophores) 
which are under tlu? 
control of the nervous 
system. 

Tlie ]uuscular system 
of ^hTtebrates arises 
from the middle germ- 
layer (mesoderm), and 

Fij?. 385,— Placoid scale of dog-fish (vertical sec- • ji,., nmaolrw 

tU)u inaynillcd). a, (i)anicl layer \ 6, dentine of gC 1 lU UK inUStiCS 

Bi)ine on the scale. -After 0%ven. 

primary segments indicated hy the protovertebray Avhilc in 
the adults of lislies and certain wsalamanders, the muscular 
syshmi is distinctly segmented, corresponding to the seg- 



inentat ion of t he ver- 
tebral column, the 
four lateral trunk- 
mtiscles being divided 
into a number of seg- 
ments by tendinous 
bauds, which corre- 
spond in number to 
tlie vertebra^ (Gegen- 
baur). 

The eye in Verte- 
brates in its develop- 
nienbil hi story belongs 
to a ditferent type of 
structure from that of 
any invertebrates, ini 
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Fig. 386.- Cyiofd scale of roach, magnified, seen i 


less it be the larA’al the surface, i?.— After Owen. 


Ascidians, for in Ixjth types the eye is said by Gegenbaur not 
to 1)0 directly developed from the ectoderm, but from the 
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anterior portion of the central nervous system. The dilTor- 
eiice between tlio liig]ily-devcloi)ed eye of a cuttle-tish and 
a bony fish, for example, consists in tlio fact that the rods 
and cones (similar to those of the invertebrate eye) forming 
a layer (tlH‘- liaeillar layer) beliind the retina, are in the V(‘r- 
tebrate eyc‘. turned away from, while in tlie invorl<d)rates they 
are directed toward the opening of the eyce 

Th(‘ ear of Verti‘brat(\s is at. first a primitive otocysl, or 
ear-vesi(.‘]e, whieh is gradnally ent, oil and i nelosed, forming 
a cavity of the skull. As we rise towards tlie mammals, the 
ear becomes more and more dev(‘io])(‘d until the. inner, 
niiddii', and outer ear is fornuHl ; the I'histaehiau t ube being a 
inoditicat ion of the lirst liranehial cleft, forming the s]>iracle 
in the sharks [Sclaridi) and (binoids. 

Ill the lancidet a bead is siaireely more s(‘t ajiart from Ibe 
rest of the body than in many inverbOij’ates. In th(‘ lislu'S 
and Am])hibians the liead is not, s(‘parat(‘d by a nei'k from 
the trunk ; in leptilcs the neck bi'gins to mark oil a lu'.ad 
from the tlmrax, while in the birds and mammals tlui hiaid 
is cl(‘arly dmiarki'd, th(‘ (h'grees of eejdializatioii and trans- 
f('r headwjird i>f thos(^ features subordinate to the inti‘il(‘e- 
tual wants of the animal }>eeoming mon^ siriking as w'e 
asemid through the mammalian stades to the apes, and finally 
man. 

ddie de^ elopment of Vertebrat(‘s can seariady b(^ epitomi/,(Ml 
in a few lines. The mode of growdh of Am]>hioxns is a 
general exjiression for that of all V(‘rtebrati(!S, for all dev(do)) 
fi'om fertiliz(‘d eggs, wdiich undergo total or jiart.ial segirum- 
tation of tlui yolk, heeorne Ihree-hiyenKl sai^s and assmm* tlie, 
jieciiliar vertebrate characters, the (hwclopment of tin*, mam- 
mals differing from that of ilui other classes only in compai'- 
ativcly nnimportant features. 

The Vertebrates are divided into two series or Huh-hraiiches: 
tlu‘ ArntHUi and Craniofa ; the forrmn- typo is represenbsl 
by hilt a single gmins, order and class, the lancidet or Am- 
pJn'oxHs. Tlie snh-hranch (Mtnio/fth divided into six class- 
es, the Marsipobranchs, fishes, amphibians, reptilia, birds 
and mammals. 
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Class 1. LEirrocAHDii {Lancelet). 


The luncelet is the only ly])o of this class. From its 
worm-like form it was regarded as a worm by some authors, 



and as a mollusk (‘Vlamax’’) by 
IVllas. The body is four or five cen- 
timetres in length, slender, com- 
])ressed, pointed at each end, hence 
the generic name {Amp]ii<)XUH. apcpi, 
both, sharp), the head-end be- 

ing thin, compressed. The innscai- 
lar segments are distinct to ttu* 
naked eye. From llRiinoutli to the 
vent is a deep ventral furrow, and 
a slight fin extends along the l)ack 
and ventrally as far front as the vent. 

d'hc lancelet, A. huircoJaf us (Pal- 
las), lives in sand just below low- 
water mark, ranging on our coast, from 
the mouth of Chesapeake Bay to 
Florida ; it also occurs on the South 
American coast, and in the European 
seas and the East Indies, the species 
being nearly cosmo})olitan. 

As this is the lowest Verte])rate, its 
structure and mode of development 
merit careful study. 

The moutli is oval, surrounded 
wdth a circle of ciliated tentacles 
supported by semi-cartilaginous j)r(>- 
cesses arising from aeircumoral ring. 
The mouth leads directly into a largo 
broad pharynx or “branchial sac/’ 
(Fig. 387, d), protected at the en- 
trance by a number of minute cili- 
ated lobes. 

The walls of this sac are perforated 


by long ciliated slits, comparable with those of the bran- 
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chial sacs of Ascidians and of Balaiwglossus. The water 
which enters the mouth passes out through these slits when 
it oxygenates the blood, and enters the general body-eavit y, 
thence passing out of the body through the abdominal i)oie 
(Fig. 387, e). The pharynx leads to the stomach (e), with 
which is connected tlie liver or eu'cnin (/). 3'here is a 
pulsatile vessel or tubular lieart, beginning at (he free end 
of the liver, and extending along the underside of the jdiar- 
ynx, sending branches to the sae and the two anterior brandies 
to the dorsal aorta. ‘M)n the dorsal sid(' of the ]>harynx the 
blood is ])oured by the two anterior trunks, and by the 
branchial veins which, carry avvay the aerated blood from 
tile brancliial bars, into a great longitudinal trunk or dorsal 
aorta, by which it is distributed throughout the body.’^ 
(Huxley.) There are also vessels distributed to tluj livin', 
and returning vessels, represtniting the jiortal and lie]>atlc 
veins, Tlie blood-cor])useles are white and nueleal(‘d. 

The v('rtebral c’olunin is represented by a noto(;hord whitdi 
extends to the ended (he liead far in front of (he nervous 
cord ; and also liy a series of small semi-cartilaginous bodies 
ai)ove the nerv(uis system, and whicdi are thought to repre- 
sent eith(‘r neural sjiines or tin-rays. 33ie m^rvous (*ord liexs 
over tlie notochord ; it is not dividial into a tnu'. brain’*' and 
s])inal cord, but sends off a few nerves to the }>eriphery, with 
nerves to tin? two minute eye-spots. Tliere are no kidneys 
like those of the higher Vertebrates, but glandular bodies 
which may serve as such. The rejiroductive glands are 
square masses attm^hed in a row on each side of the walls of 
the body-cavity. The eggs may pass out of the mouth or 
through the pore, Kowalevsky found the eggs issuing in 
May from the mouth of tlie female, and fertilized by sper- 
matic particles likewise issuing from the mouth of the male. 
The eggs are very small, 0* 105 millimetres in diameter. The 
eggs undergo total segmentation, leaving a segmentation- 
cavity wliicli becomes the body^-cavity. 

The blastoderm now invaginates and the embryo swims 
about as a ciliated gastrula. The body is oval, and the germ 
does not differ much in appearance from a worm, starfish, 

♦ Langerhans haci figured an olfactory lobe; and all observerH agree 
that a ventricle is present ; thus there is a slight apj>roxiniation to a 
brain. 



408 


ZOOLOGY. 


or ascidian in the same stage of growth. No vertebrate 
features are yet develo})ed. 

Soon the lively ciliated gastrula elongates, the alimentary 
tube arises from the primitive gastrula-cavity, while the edges 
of the llattened side of the body grow up as ridges which 
afterwards, as in all vertebrate embryos, groAV over and en- 
close tlie s})inal cord. When the germ is t wenty-four hours 
old it assumes the form of a ciliated flattened cylinder, and 
now resembles an Ascidian embryo (Fig. 138, B)^ there 
being a nerve-cavity, with an external opening, Avhich after- 
wards closes. The notochord a])j)ears at this time. 

In the n(‘xt stage observed the adult characters had ap- 
peared, the month is formed, the first ])air of gill-openings 
are seen, eleven additioinil i)airs a])}>earing. It thus ap])ears 
that w]jih‘ tlu^ laiUM'k't at one time in its life presents Ascidian 
feutnix's, yet as Balfour states all the modes of develop- 
ment. found in the higher \h‘rtebra,tes are to be looked upon 
as moditicatiojis of that, of Amphioxus.” 

A second form of this grouj), from Moreton Bay, ISh)rth- 
(Tii Australia, has been described by Peters under the name 
of Bpi(j()/)irht Jiffs rulfellKs, It ditfei’s from Amphioxus in 
the presence of a. high dorsal tin, in the want of a distinct 
caudal and anal fin, Avith some differences in the structure 
of the mouth and oral tentacles. It is from thirteen to 
twenty-three millimetres in length. 


Class T.— LEPTOCARDII. 

(jomjitising the loweai Vertebrate known ; body lancet-shaped, 'icitk no 
skelsion ; notochord pertn stent, no brain ; no cranium : no paired fins; 
blood colorless ; a metamorphosis ; gastrula ciliated, free-swimminy. 

A single order (Plmryngobrancbi), family (Ampliioxini), and genus 
(Amphioxus), each willi the characters of the class. 

Laboratory TVerA:. — The structure of the lancclet can only bo imper- 
fectly made out by a triplet lens and higher ix)\vers ; but by sections 
sUined with carmine the anatomy can be well studied. Brooks has 
found the young in the later frec.swimming stages on the surface of 
tho ocean near Fortress Monroe. 
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Class IL Maksipobrakchii {Lampreys, or Oydostomi). 

C^^en©^al Characters of the Cyclostomatous Vertebrates. 

— In the hag-lisli and lamj)rey, reproseutaiives of the jaw- 
less Vertebrates, the body is long and slender, cylindrical, 
the skin smootli, scaleless, with only a median dorsal and 
ventral fin (or in Afyxine only a small lower median fin) ; 
tlie moiitli is circular, and in the lampreys armed with nu- 
merous conical tectli. There is no bony skeleton ; the 
spinal column is represented simply by a thick rod (dorsal 
cord, notochord) surrounded by a sheath. The skull is car- 
iilaginous, not movable on the vertebral column ; is very 
ini})erfectly developed, having no jaws, the hyo-mandibu- 
lar bones and the hyoid arch existing in a very rudimentary 
state. The few teeth ])rescnt in the hag-fish are confined to 
ihe palate and tongue ; those of the lamprey are numerous, 
conical and develo[)ed on the cartilages supporting the lips. 

'The nervous system is rnucli as in the fishes, the brain 
with its olfactory, cerebral lobes, tlialaini, optic lobes, and 
m(‘dul!a being d(*vcloped, the ciM’cbelhim in Myxinc blended 
with, in tlic lamprey fr(‘c frone the jnedulla. The digestive 
canal is straiglit, with no genuine stomaeJj, but the liver is 
much as in higlier \^(‘rlcbrates. I'hc resj>irat()ry organs are 
very peculiar, being purse-like cavities (whence tlio name 
Mdrsipohranchii), in the lamprey being seven in number on 
each side of the pharynx, opening externally by small aper- 
tures ; internally they connect with a long cavity lying under 
the msojdiagus, and o{)ening anteriorly into the mouth. The 
heart is like that of fishes, as are the kidneys. The eyes 
arc minute, sunken in the head and under tfic skin iu tlu^ 
liag {Afyxine), but larger in the lamprey. 

Another extraordinary feature in the class is the single 
nasal aperture, as opposed to the two occurring in all 
1 uglier Vertebrates. The aperture leads to a sac, which 
in the Myxine communicates with the month (pliarynx), but 
in the lamprey forms a cul-de-sac. 

The ovaries and male glands (the sexes being distinct) are 
unpaired plates suspended from the back-bone, and have no 
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ducts, the eggs breaking through the walls of the ovary, fall- 
ing into the abdominal cavity and passing out of the abdom- 
inal pore. The eggs of Mtij inc are very large in x)roportion 
to the fish, enclosed in a horny shell, Avith a filament at each 
end by which it may adhere to objects. 

The hag-fisli is about afoot long and an inch thick, with 
the head small, a median palatine tooth, and two comb-like 
rows of teetli on the tongue. There is a single gill-opening 
a long ways b(‘hi!id (lie head ; there are large mucous or 
Blirru!-glands on the side of the body, for these fishes are 
very slimy. The hag lives at considerable depths in the sea ; 
we have dredged oru^ at 111 fathoms in soft deep mud off 
(Ja})e Ann. It is often parasitic, attaching itself to the bod- 
ies of fish, and has been haind to have made its Avay into the 
body-cavity of sturgeons and haddodv. 

l’h(^ lamprey livens botii in fresh and salt, water. Idie (‘ggs 
of the common lam[u*ey, Pdromyzini wariNfis (Linn.), are 
laid in early spring, t he fish following the shad up t ln^ rivers, 
and spawning in fn'sh water, seeking tiie sea in autumn ; 
small individurds, from five to seven inches long, have been 
seen by Dr. Abbott attached to the bellies of shad, sucking 
the eggs out of the oviducts. 

The lam i)rey when six inches long is <piite unlike the adult, 
being blind, the eyes being concealed by the skin ; it is tooth- 
less, and has other peculiarities. It is so st rangely unlike the 
adult that it was described as a different genus (Ammocmlefi), 
P. nigricans Lesueur is smaller, and occurs in the lakes of 
New York and eastAvard, Avhile P. niger Kafiuescpie is still 
smaller, and lives in the Western States. 


Class II. MAllSIPOBRANCHT. 

Worm-like Vertebrates, without paired Jins ; notochord persistent ; a 
single nasal sac, six or ten pairs of purse-like gill-sacs^ no jaw-bones. 

Order!. Nasal duct leading into the mouth. (Myxine.) 

Order 3. Hyperoartia . — Nasal duct a blind sac, not connecting with 
the mouth. (Petromyzon.) 
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Lahoratoi'y Work . — The anatomy of these animals is excoedinjyly in- 
teresting ; the respiratory sacs and nasal duct can he expost^d by a hne 
gitudinal section of the head ; the relations of the notochord can be 
best seen by transverse sections ; the heart and vessels shoiild be in- 
jected. Preparations of the brain should be made, and with care the 
skull prepared. 


('LASS III. Pisces {/S7/r?r/-.s*, Ratis, EturgeouK, (rar)tik(\^^ and 
bong p'sbes). 

General Characters of Pishes. — We now come io Verte- 
brates wliich have genuiiKi jaw-bones and iKiired tins, and 
wliicli, in short, are affiliated to the Pat rachians, and through 
them with the re])tiles. )>irds, and inaininals. All tlui iislios 
agree in liaving a true skull, to which is altiiehed a movable 
lowt'i* jaw. ^riu? brain is wtdl d(‘ve]o|)(Ml, with its lobes for 
tin? most ])art, at least, e(juivaleut to or homologous with 
those of the r(‘})tiles, birds, and marnn)als, though lJu? f?(‘r(‘- 
bral hemis])iier(‘s are small, and in most fishes of m?arly the 
same size as tlie o 2 )iie lobes ; tlio eerebelliiui is also generally 

IktrmI jfiv . 


Caudal. 


Anal. Ventral. IWtorat. 

Fig. ?iK8. -The Miul-M innow. 

of moderate size. Tlie head forms part of the trunk, t here 
being no n(?ek (except in the Hippocanigidtp), ami tin? body 
is usually (?ompressod and adapted in shape for rapid motion 
in the water. 

Paired fins are always primitively developed, thougli the 
posterior or ventral fins, at least, are in many eases wanting 
through the atrophy of parts develo))ed in embryonic life. 
The pectoral and ventral fins (Fig. 388), which rc])rcsent the 
fore and hind legs of higher Vertebrates, are atta(?hed to the 
body or tnink by a shoulder and pelvic gordle. 3’lie slioulder 
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girdle is either lyre-shaped or forked, like a bird’s wish-bone, 
curved forward, and with each side connected below ; the 
fishes in this respect differing from the Batrachians (Gill). 
The shoulder girdle is usually closely connected by a series 
of intervening bones with tlie skull, and makes its first ap- 
pearance opposite the interval between the second and third 
vertebra*. 

The skull and skeleton may be either cartilaginous or bony, 
and the lioues of the head and skeleton very numerous. In 
some sharks there are 3G5 vertebrae ; in some liony fishes 200, 
while in the Fleciognafki (fishes like the sun-fishes and Ba- 
listcs) there may be no more than fifteen ; thus in some 
fishes there may be about one thousand se]>arate bones. No 
tisbes have a well-defined st(u*num or breast-bom^, this bone 
appearing for the first time in the Batrachians. fi’lie verte- 
bne are almost always biconcave ; this is the simplest, most 
j)riiniti\e form of vertebra^ ; it forms a weak articulation, 
admitting, as Marsh states, of free, but limited motion. 

All fishes l>reat lie by gills, which are sup]>orted generally 
071 four or five cartilaginous or hoiiy supports or ai’ches. The 
gills are never purse-shajied, as in tin* lampreys, and are 
mostly sit uated within the head, in front of the se.apiilar arch, 

The mouth is generally armed with teeth varying greatly 
in number and form, and in the bony fishes especially, not 
only the jaws, but any bony projections, such as the palatine, 
pterygoid and vomerine bones, as well as the tongue and pha- 
ryngeal liones may be armed with teeth, so that the food is 
retained in the mouth and more or less torn and crushed be- 
fore being swallowed. 

Fish have no salivary glands. The tongue moves only as 
a part of (he hyoid apparatus upon which it is attached. 
After being crushed and torn in the mouth the food passes 
through a short throat or oesophagus into the stomach. The 
intestine is generally provided at tlie anterior end with 
several or numerous cmcal ajipendages which are especially 
jibnndant in the cod. The gut is twisted once or twice be- 
fore reaching the vent, but is usually much shorter than in 
the air-breathing Vertebrates, while the vent is placed much 
nearer the mouth than in the tailed Ampliibians, thus sepa- 
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rating the trunk into a thoracic and caudal portion. To 
make up for the short intestine, its absorbing surface is 
greatly increased in all except the bony fishes by a peculiar 
fold called the ‘‘spiral valve. The rectum always opens in 
front of the urinary and genital outlets ; except when the 
latter communicates directly with the rectum, thus forming 
a cloaca. All fishes have a well-developed liver, usually a gall- 
bladder, with several gall-ducts ; and in general a yellowisli 
pancreas. 

The heart consists of a ventricle and auricle, the latter 
branchial with a venous sinus {sums venosus) ; while to the 
ventricle is added an arterial bulb, which subdivides into five 
j)airs of arteries, one for each gill-arch. The Dipnoi ap- 
proach tlie Amphibians in the possession of a second auricle 
a.s well as of genuine lungs, cellular air-sa(%s. The lungs 
are fundamentally comparable with the aii'-bladder or swim- 
ming bladder. It is generally situated below the back-bone, 
and is developed originally as an oflTslioot of the ensophagus. 
It is either free, not coniio(d.(‘d with the digestive; tract, or its 
original attachment may bo retained in the form of the 
“ pneumatic duct/' which, when persistent, opens in/o the 
msophagus. In the sharks it is cither absojit or exists in a 
rudimentary state. 

The kidneys are two voluminous, dark-red lol)ulat(Ml or- 
gans, lying close together next to the bach-bone, behind, i. r., 
above the air-bladder, and occupying luairly t lic whole length 
of the abdominal cavity. The etlerent ducts (uroteu's) cither 
])as8 along in front of or by the side of the kidney, and some- 
times unite to form a single sac, the outlet of wiiitdi is Hitii* 
ated either behind or below the gciKTative orili(;c. It l)iis 
been found that the minnte structure e^f the kidneys of em- 
bryo sharks resembles somcwdiat the segmental organs of 
worms, the original kidney being composed of bun(]l(;s of 
ciliated funnels, like those of worms, combined, however, 
with Malpigliian bodies and renal lobules whicli do md exist 
in worms, wdiile all these parts have a common duct, the 
ureter, which also does not exist in worms, being chunicter- 
istic of Vertebrates. 

In the fishes the sexes are, with a very few exceptions, dis- 
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tinct. The ovaries are large bodies, either discharging the 
eggs directly, as in the eel, salmon, and trout, into the body- 
cavity, thence ])a8sing along a fold of the peritoneum out of 
a minute opening situated directly behind the vent, or, as in 
most bony tishes, there is a duct leading from each ovary to 
the common outlet. Tn the sharks and skates (kllasmo- 
branchs) the ovary is single, and the oviducts unite behind 
to serve as a uterus in such sharks as are viviparous ; or the 
same parts secrete a shell in the egg-laying sharks {Scyllmm) 
and skates. 

The reproductive glands of most fishes are, exc.ejit in the 
breeding season, so mmdi alike, that it is ditfumlt to distin- 
guish them exce})t liy a mi(;ros(‘opic, (examination. In the 
})re(‘ding season the ovaries of the c(m 1, jiercli, and smelt are 
V(iry large and yc'llowish, whih'. the testes a.r(* small and white. 
Fishes, lik(‘ som(‘ Amidiibians and many invertebrate's, may 
b(‘ aide to pi'rform the reproductive functions before they are 
fully mature ; in fact, some tisluxs continue to grow as long 
as they live. 

The fishes are not a homogemous or ‘^chvsed.'’ i. c., well- 
circumscribed, ty})e, as the liirds and mammals, for tlieform 
of the ])ody is liable to great variation, the difference's be- 
tween the subdivisions or orders, families and genera being 
much greater than in birds and mammals. 

The class is divided into three subclasses, viz. : the Elas- 
mobranrhll (sharks and rays), the (lanoidca (sturgeons, gar- 
pikes, (he.), and the Tideostei, or bony tishes. Tlu‘ classifi- 
cation we ad()])t is that of Professor (Jill. 

Subclass 1, Elasmobranchii {Selarhiavs, or Sharks and 
Ikat/s ). — These are the most generalized as well as among the 
oldest of all tishes. In some respects they stand above the bony 
fishes, with some features anticipating the Amjihibians, while 
in their cartilaginous skeleton, their numerous gill-openings, 
and their general a])pearance they are scarcely higher than the 
embryos of the bony fishes. It would seem as if a shark were 
an embryo fish, which had been hurried by niiture into exist- 
ence witli some parts more perfect than others, in order to 
serve in the Upper Silurian and Devonian times as destructive 
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agents to the types of invertebrate life which tlien became 
extinct, partly through their means. Tliose and ganoid tislies 
having thus accomplished their work wt‘re re])laetHl in the 
later ages by more liighly elaborated and special i/(*d forms, 
t.c., the bony fishes. Sharks and skab's are engiiu'S of d('- 
struction, having been since (heir ear]\ aj)]»earanc(‘ in the 
lTp})er Silurian age the terror of the s(‘as. 'Hielr mdirc 
structure is such as to enalde them to seize, crush, ti‘ar, and 
rapidly digest large invertebrates, and (lie larger maihic 
members of their own class. Hence their own forms are 
gigantic, soft, not protected by scales or armor, as liny hav(i 
in the adult form few enemies. Hence they (h) md rna'd a 
high degree of intelligein.T, nor special means of dcf(‘nc(‘ or 
protection, though from their activity the circulatory system 
is highly developed. 

In the general form tin* sharks are long and soimovlnd. cylin- 
drical, wdth the head ratlun* Iarg(y, oftmi poiii((‘(l, somelimes, 
in in the luimmer-lieaded shark, extruordinarily broad, witli a 
ca])acious mouth, situated in (he undei’-side of th(‘ head. 
The body tapers hehiiid, and the caudal ]K>rtion is unequally 
lohed, the upper lol)e being much long(*r than tlie lowin’, 
u])turiied and su})])orted hv a eontinnation of the vm’ti'bral 
column, wliile tlie tail-tins of h(»ny tislies are ei^nally loh(‘d 
and consequently called Jumiorercal ; those', of shai’ks are 
iuie(|ually lohed, and are therefore sai<l to he Jirterocercal, In 
this respect they reseml)le an early stage in the dovi'hqnm'iit 
of bony fishes, such as the. trout or lierring. Sliarks, like 
bony fishes, have two ])ectoral and generally two ventral 
fins ; these two pairs of fins corresponding to or homologous 
with the limlis of air-breathing Vertebrates, and besi(h‘s this 
there is one or usually two dorsal fins, and an anal fin, tlie 
latter situated behind the vent. 

The skin is either smooth or covered with minute jilaeoid 
scales (see Fig. 385) ; tlie integument of such species as 
are provided with these fine scales forming AV'hihi 

the spinal column is in the sliarks usually cartilaginous, and 
easily cut with a knife, there are different grad(‘s of devel- 
opment from certain forms, as the Chima3ra, to a well-marked 
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column or series of biconcave vertebrje, wilb the cartilage in 
part replaced by bone, forming radiating leaves or plates ; 
while in tlie rays or skates the aiiterior part of the column 
is bony. 

Tlie ri])s are small, sometimes rudimentary. The skull is 
rudimentary, without membrane-bones, embryonic in char- 
a(;ter, forminga simple cartilaginous brain-box, without ])re- 
maxillary or maxillary bones, the constitution of the jaws be- 
ing (juit(^ unlike that of the bony fishes, ( he jaws being formed 
of elements, f. c., cartilaginous representatives of the pri- 
mary palatoquadratc iirch and of MeckcFs cartilage.’’ (Hux- 
ley.) 

There an' no opercular bones such as cover the gill-open- 
ings in bony fishes, their jdace being taki'ii by cartilaginous 
filaments. 

Th(' mouth is aruK'd in most sharks with numerous shar}), 
flattened, c{)nieal teeth, arranged in transverse rows and 
pointing liack wards ; they are never fixed in sockets, but 
imbechled in the mucous membrane of the upper and under 
jaWvS. Tn the Heterodontidje, represented by Cestracion or 
Port Jackson shark, the teeth are much blunter than in 
other living sharks, the middle and hinder teeth having 
broad, flatteiKal crowns, forming a pavement of rounded 
te(‘th. Tlie Devonian sharks were in most cases like the 
CeMracion in this respect. In tlie (kirboniferoiis age. sharks 
witli teeth more like tliose of modern forms came into ex- 
istence ; and tliey must have been of a more active nature, 
the sharp teeth directed backward indicating tlie rapacity of 
these monsters, whicOi darting after and seizing tlieir prey 
were enabled to retain it by the back ward -pointed teeth ; 
Avhile the more sluggisli Devonian Ccstracions kept near the 
bottom and devoured the shelled mollusks, etc., possibly Or- 
thoceratites, Nautili, and Trilobites, which became nearly 
extinct about the time the type of pavement-toothed sharks 
culminated. 

The teeth of the skates or rays have obtuse points. In 
Myliobatis the teeth are flattened and united to form a solid 
pavement, so that the mouths of tliese large rays are fur- 
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nished with an upper and nether millstone for crushing and 
comminuting the thick, solid shells of mollusks. The mouth 
in both sharks and rays is always situated on the underside 
of the head, all being ground-feeders. Such sliarks as rise 
to the surface for food seize it by turning over before closing 
their jaws on the luckless victim. 

The throat or oesophagus is wide ; tlie stoinacli a capacious 
sa(*, and the intestine short, separatiul from the stomach by 
a pyloric valve. The spiral valve of the intesiine is a fold 
projecting into tlie cnviiy of the gut, the llxed edge forming 
a spiral line around tlie inner wall of the intestine. 

The heart consists of a ventricle and auri(‘l(‘, with an 
aortic bulb which pulsates as regularly as ihe heaid ; and the 
blood must be sent forward wit h great forc(*, as t he very mus- 
cular bulb is provided within with threi‘ rows of senii-Iunar 
valves. 

The gills are ])oueli-like, generally live, rarely six or seven, 
in number, the external (Openings or gill-slits being usually 
of moderate size, but sometimes long and large, as in the 
basking shark. While the (clefts ojien on tlie sid(^ of the 
neck in sharks, in the skates tlieyaro idaeofi beneath the nock, 

A spiracle or opening lea,ds, in some sharks, from the up- 
per side of the head into the moutli. According to Wyman 
this is the remnant of the tirst visceral cleft- of the embryo. 

In the brain the optic thalarni are separate from the optic 
lobes, the olfactory lobes being large and long in th(^ skates 
and some sharks. Tlie medulla forms the larger part of the 
brain. The optic nerves unite, as in higher Vert(‘.brates, form- 
ing a common stem or chiasma, before diverging to tiu; eyes. 

The eyes of some sharks have a third lid or nictitating 
membrane analogous to that of birds. The car, except in 
Cfnntmra, has the labyrinth completely surrounded by carti- 
lage. There are two testes, and usually two ovaries, but in 
the dog-fishes and the nictitating sharks there is Imt a single 
ovary. The oviducts are true Fallopian tubes,-’ (‘xpanding 
posteriorly into uterine chambers, which unite and ojieii 
into the cloaca. (Huxley.) 

The sharks and skates are not prolific; having but few 
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enemies they do not lose much ground in the struggle for 
life. The oviparous forms such as certain sharks, skates, 
and Chinmra, lay large eggs enclosed in tough, leathery, 
j)urse-slia})ed eases. The other Elasmobrauehiates are vivip- 
arous, bringing fortli their young alive. In Mustelus and 
Carcliarim a nidiincntary placenta'^ analogous to that of 
Mammals is developed from the yolk. Tlie following ac- 
cou]]t of the development of the dog-fish {MuHtelu^), which 
is condensed from Balfour, may be found to be applicable to 
sharks in general : 

The blastoderm or germinal disk is a large round spot 
darker than the rest of the yolk, bordered by a dark line 
(really a shallow groove). Segmentation occurs much as de- 
scribed in the bony fishes, reptiles, and birds. The uj)])er 
germ-layer (epiblast) arises much as in tlie liony fislu's, the 
Batraehians and birds, while (he two inner gei’in-layers are 
not clearly indicated until a considerably later stage. The 
segmentat ioii-eavity is formed nearly as in the bony fishes. 
Tliere is no inyagination of the outer germ -lay or to form the 
])riinitive digestiye cayity, as in Amphioxus, the lamprey, 
siurgeous, and Batraehians, but the Selachians agree with 
(he hoiiy lishes, the reptiles, and birds, in having the alimen- 
tary canal formed by an infolding of the innermost germ- 
layer, the digestive track remaining in communication with 
the yolk for the greater part of embryonic life by an 
umbilical canal. Tliis mode of origin of the digestive cav- 
ity, Balfour regards as secondary and adaptive, no *^gas- 
irula’’ (ILeekel) being formed as in Amphioxus, etc. The 
embryo now rises up as a distinct body from the blastoderm, 
jnst as in other Vertebrates, and there is a medullary groove 
along the middle line, and by the time this has appeared the 
middle and inner germ-layers are clearly indicated. After 
this development coiitiunes in much the same manner as in 
the chick. 

At this time the embryo dog-fisli externally resembles the 
trout ; the chief difference is an internal one, the outer 
germ-layer not l)eiug divided into a nervous and epidermal 
sublayer as in the bony fishes. 
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The next external change is the division of the tail-end 
into two caudal lobes. The notochord arises as a rod-like 
thickening of tlie tliird germ-layer, from whicli it afterwards 
entirely separates, so that the germ, if cut transversely, 
would appear somewhat as in the embryo bird. 

The primitive vertcbra3 next arise, and about this time th(‘ 
throat becomes a closed tube. The head is now formed by 
a singular flattening-out of tlic germ, like a spatula, while 
tlie medullary groove is at first entirely absent. The brain 
then forms, Avith its three divisions, into a fore, middle, and 
hind brain. Soon about twenty primitive vertebne arise, 
and by this time the embryo is very similar, in external 
form, to any other vertebrate embryo, and finally hatches in 
the form of the adult. 

The skate Avas found by Wyman to ])o at first long and 
narroAv, tlie dorsal and anal fins extending to the end of the 
tail, as in the eel. 8oo!i after it b(‘cornes shark-shaped, and 
finally assumes the skate form. Idjus skates ])ass t hrough 
a shark-stage, and this accords Avith the position in nature 
of skates, since they are, as a whole, a more specialized as 
Avell as mo]‘e modern group than tlie sharks. Wyman found 
that there are in the skate at first, seven branchial fissures, 
the most anterior^of which is (;onverted into the spiracle, 
which is the homoiogue of the Kustaidiian tube and the 
outer ear-canal ; the sevimth is wholly clos(‘d u]), no trace re- 
maining, while tile five others remain jiermanently open. 

Tlie Elasmobranchs are subdivided into two orders (re- 
garded by Gill as sujier-orders, the rcjireseiited 

by the sharks and rays, and tlie Jlolocejjhali, tiie tyfxi of 
which is Chiinmra. 

Order 1. Plagioslorai . — In the sharks and skates the t(‘cth 
are Awy numerous ; the gill-slits are uncovered. The rays 
or skates differ from the sharks in their broad, flat bodies, 
with the gill-slits opening below ; the great breadth of the 
body is due to the enlargement of the pectoral fins which 
are connected by cartilages to tlie skull ; there is likewise no 
median articular facet upon the occiput or base of the 
skull, for the first vertebra. 

The most common of our Selachians is the nnuhend shark 
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or hums pundatus (Pig. 389). The head is conical, with 
the nostrils under tlie base, and the lobes of the tail are 
nearly equal. It is from four to eight feet in length, and is 
often taken in fisli-nets, being a surface-swimmer. In the 
thresher shark {Alopecias viilpes Cuvier), the upper lobe of 
the tail is nearly as long as the ])Ofly of the shark itself. It 
grows twelve or fifteen feet in length, and lives on the high 
seas of llie Atlantic. 

N(‘arly twice the size of the thresher is the great basking 
shark, Selache {Oetorhimis) maxima Cuvier, of the North 
Atlantic, which becomes nine to thirteen metres (thirty or 
forty feet) in length. It has very large gill-slits, and is by 
no means as ferocious as most sharks, since it lives on small 



Fig. .^9.- Mackerel Shark. —From Tenney’s “ Zoology." 


fishes, and in part, probably, on small floating animals, strain- 
ing them into its throat through a series of rays or fringes of 
an elastic, hard substance, but brittle when bent too much, 
and arranged like a comb along the gill-openings, the teeth 
being very small. 

Among the smaller sharks is the dog-fish {Squaliis Ameri- 
canus Storer), distinguished by the sharp spine in front of 
each of the two dorsal tins. It is caught in great numbers 
for the oil which is extracted from its liver. The dog-shark 
{Mustdus ranis Dekay), which is a little larger than the 
dog-fish, becoming over a metre (four feet) long, brings forth 
its young alive. In the European Musielus Imvis Risso a 
so-called placenta is developed, while it is wanting in the 
Musielus vulgaris of Mtlller and Henle. 
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Among the more u]>eiTaut sluirks the liummer-hejuled 
SpJnjrna zygaina (Linn.), AvJiieli grows to the length of t welv(‘ 
feet^ and is one of the most rapacious and formidable of the 
order. 

Of the rays and skates, the saw-fish a}i])roximntes most 
to the sharks. Its snout is iirolonged into a long, tlat 
bony blade, armed on each side with 
large teeth. F rid is ant iquaruni 

Latham (Fig. 390), the common saw- 
iish, inhabits the Mediterranean Hea 
and the Gulf of Mexico ; it is vivipa- 
rous (Cat on.) Prisiis Fcrroteli lives 
in the Senegal Iliver, while (drchariax 
(fangcficiis is found sixty leagues from 
the sea. 

The genuine sk.ates or rays have the 
])ody broad and flat, rhomlioidal (ow- 
ing to the gr(‘at extension of the 
thictk pectoral fins). Ikirtioiis of the 
ventral tins in the males are so elon- 
gatc^d and modined as to form intro- 
mi ttent and (clasping organs. They 
swim close to the bottom, feeding upon 
shell-fish, crabs, etc., crushing them 
with their powerful flattened teeth. 

The spiracle is especially develo]>ed in 
the rays, while, as observed by Gar- 
man, in the majority of the sharks 
which swim in midwater or near the 
surface, the water enters the mouth 
and ]nisses freely out of the gill-o])en- 
ings, but in the rays, which remain at 

, T ’ , , Fi^. 8fK).-B( iik of Saw-flBh, 

tile bottom, tlie purer sea-water entei*s m-on from beiow, BhowiiiAc uh 

L e mouth, nohlriln, and lateral 

the spiracle irom above to jiass out ol teeth.-~Aner owcu. 
the gill -slits. 

Tbe smallest and most common skate of our nort lieast- 
em Atlantic coast is liaja erinacea Mitchell. It is one lialf 
of a metre (twenty inches) in length, and the males are 
smaller than the females. The largest species is the barn- 
door skate. Raja Icsvis Mitchell, whicli is over a metre (foidy- 
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two inches) long. liaja eglanleria Lacepede (Fig. 391) 
ranges from Cape C'Od to the Caribbean Sea. The smaller 
figures in Fig, 391 represent respectively the mouth and 
gill-slits, and tlie jaws of M ffliohatlH f remcnvillii Lesueur. 

In the torpedo the body is somewiiat oval and rounded. 
Fig. 392 rej>r(‘sents Torpedo marmoratus, of the Mediter- 
ranean Sea. 

Our native species, found mostly in winter, esjK'(aally 

on the low sandy 
shores of Ca}H‘ (.’od, 
is Torpedo (trcide)L- 
Storcu*. Its bat- 
teries and nerves are 
substantially as in 
the Fiiropean spe- 
cies. 3Mie eU*etri(*al 
organs are construct- 
ed on the principle 
of a \b)llai(* ]»ile, 
consisting of two 
series or layc'rs of 
hexagonal (‘ells, the 
space between tlie 
numerous tine trans- 
verse })lates in the 
cells filled with a 
trembling jelly-like 
mass, each coil 
re].)resenting, so to 

391.— eglauteria. male. Mouth and gill- speak, a LevdeU iui*. 
elitH, jttWH and tooth of V . ^ v j • 

cells in c^aeh battery, each provided with nerves sent ot! from 
the fifth and eighth ]>airs of nerves. The dorsal side of 
the apparatus is ])ositively electrical, the ventral side nega- 
tively so. The electrical current passes from the dorsal to 
the ventral side. When the electrical ray is disturbed by the 
touch of any object, the impression is conveyed by the sen- 
sory nerves to the brain, exciting there an act of the will 
which is conveyed along the electric nerves to the batteries, 
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producing a sh(wk. The hominibiiig power is lost by fre- 
quent exercise, being regained by rest ; it is idso ineroast'd 
by energetic circulation and respiration. As in muscular 



Fig. 892. — Torpedo inann'yratHt!. «> ccrchrcim ; b, the rttcdulla ; npinat cord; 
(i ana 1/. elecfric portion of the trigcminato or fifth pair of iiervcK ; ee\ electric jx^rtlon 
of the pneiiraogaatric or eighth pair of iicrve-t recurrent nerve; //, left electric 
organ entire ; right electric organ di.^nected t<» show tl»e di8tril>utjon of thcnervcH ; 
A, the la«t of the branchial charnherf^ ; i, mucus-aecretlng tubes. —-From Gcrvuiii and 
Van Benedcu. 


exertion the electrical power is increased by the action of 
strychnine (Owen). 

Marey has more recently made interesting exj^eriments on 
the torpedo, examining the discharge of this fish with the 
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tele^^hoiie. Slight excitations ]>rovoked a short croaking 
sound. Each of tlie small dischai-ges was composed of a 
dozen fluxes and pulsations, lasting about one fifteenth of a 
second. Tlie sound got from a i)rolonged discluirge, liow- 
ever, continued three to four seconds, and consisted of a sort 
of groan, willi tonality of about mi (1G5 vibrations), agree- 
ing ])retty closely with the result of graphic exy)eriments. 

Marey lias also studied the resemblance of the electrical 
;i|)])aratus of the electrical ray or torpedo and a muscle. 
Jloth are subject to will, ])rovided with nerves of centrifugal 
action, have a very similar chemical composition, and re- 
semblo each other in some points of structure. A muscle in 
contraction and in tetanus executes a number of successive 
small movements or sliocks, and a like comjdexity has been 
juoved by M. Marey in the discluirge of the toi'pedo. 

''Jdie sting-rays {Trygon) have no caudal fin. ))ut. the spinal 
column is greatly elongated, very slender, and armed with a 
long, erect s])ine or sting.’' Some live in fresh Avater ; 
several s])ecics of sting-rays (Eotamoti^gon) inha])it the large 
rivers of Ih’uzil and Surinam, as the Amazon, Tapajos, Ma- 
deira, and Araguay, digging holes in the sand, in Avliicli they 
lie flat and await tlieir prey. In this coniieetion it may he 
said tliat Raia flnviatilis of India has been taken near Ram- 
pur, nearly 1000 miles above tidc-reacb. 

Mgliohatis lias the teeth forming a solid jdate or pavement. 
Tlie devil-fish (Ceplialopierutt diabolus Mitcliell) of the coast 
of South (Carolina and Florida is the largest of our rays, be- 
ing eighteen feet across from tij) to ti]> of its pectoral tins, 
and ten feet in length, weighing several tons. It sometimes 
seizes the anchors of small vessels by means of tlie curved 
jirocesses of its head and swims rajiidly out to sea, carrying 
the craft along with it. 

Order Holocephali , — This small but interesting group 
is repivsented by Chwuera of the north Atlantic, and Ced^ 
lorhynehns of the antarctic seas. In these fishes the four 
gill-openings are covered by an open'ular membrane ; thus 
approaching the true bony tishes, and there are but four teeth 
in the upper and two in the lower jaw. The brain of Chi- 
msera is said by Wilder to combine characters of those of 
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Selachians, Ganoids, and Batrachians. Chimitra phimbea 
Gill lives in deep water off the coast of Xew England. 

Subclass 2. Ganoidei {Garpiken, Lung - Fish v.^), — TIh' 
term Ganoid was applic(i to these fishes from the form of 
the scales, which in most of the species are angular, s<|iuin\ 
or rhornboidal and covered with enamel, as seen in llie cojn- 
mon garpike. In others, however, as in the Amia and l)i]>- 
noans, the scales arc rounded or cycloid. These tish, cc., 
both tlie g(‘nuino Ganoids and Dipnoi, were the character- 
istic fish(‘s of the Devonian age, which has ('orjstMjuently been 
called the Ag(^ of Fishes, there bt'ing no Ixniv lishes ( 7V/ee.v- 
tei) at that time. The foians were much largcu- than at 
present, far more numerous in spe(‘i(‘s, gem'ra, and fanii]i(‘s, 
and they, with the sharks, W(*re tlu^ rulers of the s<‘a. 

At the ])reseiit day the type is nearly extinct, IxMiig repn^- 
sente d by such isolated forms as tlie sturgeon, the j)addle- 
fish, the lung-fish {Dipnoi), the gar})ikes, ami tin* American 
mud-fish (Aniiu). Like most- of the jadn'ozoic^ ty|H's of lif(‘, 
the Ganoids were both gcnerali/aal forms and also com hi n<*(l 
the cliaraeters of classes of animals jiot th(*n in exislema' ; in 
other words they wv.ro synthetic or (‘ompndKmsivi* typ(‘s. 
Thus in forms like Amia, the d'eleosteuu lishes wcua*- ant iei- 
pated ; in the Dipnoi, with their external gills and Inngs, 
not only tlie Amphibians, but even tlie n'jitiles were indica- 
ted in tlieir hearts with two auricles, just as the Trilohites and 
Merostomata, as indicaU^d by the structure of the living 
king-crab, combined with the stnudure of Crnst.a(;eanH, fea- 
tures w'hi(di became in a degree reproduced in the t(!rrestriul 
scorjiions and sjiiders wdiich Kubs(Hjuent ly ap])(‘ared. Dwing 
to this intermixture of ancient and modern eharacderisticis, 
this reaching np and out of the piscine type of life over into 
the amphibian and reptilian boundaries, the classification, 
i. c,, actual jiosition in nature of the Ganoids, becomes very 
difficult, and the view's of naturalists regarding tlieir system- 
atic position are very discordant. If, as insisted on by (Jill, 
we recognize the fact that the Ganoids are an older, more 
generalized, and therefore more elementary group, and the 
osseous fishes a newer, more highly specialized group, and 
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that there is a natural series of forms leading from the stur- 
geon^ which is nearest the Elasniobranchs, up through the 
Dipnoans to the true Ganoids, and that the latter, through 
A7)iia, leads to the bony fishes, we shall have a clue to the 
intricate relations existing between them and the other sub- 
classes of fishes. * 

The Ganoids of the present day arc well nigh confined to 
fresli water, the sturgeons alone living in the sea as well as 
asc^ending rivers ; though the Devonian and carboniferous 
forms 0 (Hiur as marine fossils. 

In synthetics forms, like the Ganoids, it is difficult to find 
absolute character’s sc})araiing them from the Elasmobranchs 
on the one hand and the Teleosts on the other. The diag- 
nostic. characters are the following : the skeleton is either 
wholly (*artilaginous, or ])artly or wholly bony *, the skin is 
either smooth, or with cycloid, or usually wit h ganoid scales ; 
the gills are free ; tin? gill-o[)ening is covered with an oper- 
cular bone ; the first fin-rays generally shar}) ; the air-blad- 
der with a pneumatic duct ; the embryos sometimes wdtli ex- 
ternal gills. 

The s})inal column is usually cartilaginous ; in the Dip- 
noans, the sturgeons, the ]>addle-fish and allies, the notochord, 
with its sheath, is persistent ; wdiile in PoJypferus and A^nia 
the spinal column is completely bony, the vertebrae being 
ampliiccduus, i. ^?.,bicoucave ; while in the garpike {Lepidos- 
tens) the vertebrae are convex in front and concave behind. 
The cartilaginous skull is covered by broad, thin membrane- 
bones, as seen in the sturgeon. The tail is heterocercal, the 
lobes being, in Amla, nearly ef|ual. 

The brain is as in the bony fishes, but the optic nerves 
unite in a ehiasma. The heart and aortic bulb are as in the 
Elasmobranchs, and all but Lepidosteus have a well-devel- 
oped spiral valve in the intestine, the valve being rudimentary 

* Although Btrongly inclined to regard the Dipnoans from their am- 
phibian and reptilian characters as types of a subclass, Dipnoi, yet iu 
deft‘rence to the principles stated by Gill, which we had previously fol- 
lowed independently in the classification of the neocaridan and palaeo- 
caridan Crustacea, we here adopt the classification of Prof. Gill. 
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in the gaq^ikes. The oviducts communicate with the ure- 
ters as in the sharks and ampliibians. The ditTerent moditi- 
cations of Ganoid structure may be ()])servetl in the examplt's 
of tl)e clitfercnt orders. 

Many of the Ganoids of tlie Upper Silurian and Devonian 
rocks belonged to the grouj)s ('ephrla^pidw and Idacodvr- 
vuita. In the Gephahispids, represented l)y the singular 
Cephalaspis Lyellii of Agassiz, I lie broad luaid was covertnl 
by a single semi-inrcular jdate, with large orbits above, the 
mouth being b(‘]ow. The pectoral tins wer(‘ rayless folds of 
the skin ; the boily behind the head was (‘ 0 V(*n‘d with rhoin- 
boidal s(udes, and ])rovid(d with adorsal tin. The Plcnispis 
had a liea/1-shield (•om[>osed of seven pieces. Among the 
Plaeoderms, Jdcri/:hffu/s had a plate<l lu'ad half as long as 
the body, the tail short and scahal. Th(‘S(* iishes, th(‘ earliest 
known Vert(‘brates, were bottom-ha'ders. Nothing is known 
as to the nature of tlieir jaws or te(‘th. 

Order 1. Ciiondroijamndei , — In thes(* Ganoids tlie dorsal 
chord is not ossified ; the skull is (airtilaginous, (‘oviu’ed with 
membrane-bones ; they are eitlicr toothless or with small 
teeth. The skin is naked as in tlie paddl(‘-lish, or j>roteclid 
as in tlie sturgiams witii Y(*ry large, l>ony, solid nlat(‘s. 1'iie 
sturgeons have the snout long and poinUMl, with the mouth 
underneatli, and tootldess. Aciporn'r afvrio Ginn, is the 
common sea-sturgeon of our coast, ascending rivers. The 
shovel-nosed sturgeon, ScaphirhyncfiOps pla/.yrli(/?t(di((s has a 
S])ade-like snout. It inhabits tlu^ waters of tlie Mississippi 
Valley. Salensky has studied the embryology of the Hussian 
sturgeon. The freshly-laid eggs are two millimetres in di- 
ameter, the yolk undergoes nearly total segmentation, thus 
connecting most. Vertebrates in wliich the eggs only jiartially 
segment, with tlie Amphioxus, lampreys, and amphibia, in 
which segmentation is total. The skeleton is developed 
much fis in the Elasmobranchs. The sheath of the noto- 
chord develops in three weeks after hatching. At the 
end of the third week the upper and lower vertebral arches 
appear, arising as in other fishes. The skull is indicated in 
two or three weeks after hatching. 
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The sinj:]^ulai' spoon-bill, Polyodon folmin LaoepMe, is five 
feet long ; it is smootli -skinned and has a snout one-third as 
long as the body, and spatulate, with thin edges. It Inis a 
very wide inoiitli with minute teeth, and lives on small 
Crustacea. It abounds in the Mississippi, and its larger 
trihutaries. 

Order "Z. Dijmoi. — The lung fishes are so called from the 
,fact that often being in jiools and streams liable to dry up, 
they hr(‘athe air directly, havitig true lungs, like those of 
Amj>hibians, as well as gills. From the nature of their lungs 
and heart, the Dipnoans are quite different from all other 
fishes, anticipating in nature tlie coining of Amphibians, 
while on the other hand the notochord and sheath is persist- 
ent, and as they were characteristic and more numerous in 
Devonian times, they may bo said to bo a prematurative 
type. 

The body of the Dipnoans is somewhat eel-shaped, though 
not very long in ])ro])ortion to its thickness, and is covered 
with cycloid scales. The pe(;toral and ventral fins arc long, 
narrow, and ])ointed, and tliere is a long caudal fiii which is 
proiocercal, a term ])ro])osed by Wyman to designate the form 
of the caudal fin of embryo sharks. In fact, the tail of the 
young gar[)ike, as of embryo Tcleosts or bony fislies, is at 
first jwotoeereal, afterwards being heteroeercal in adult 
Ganoids, such as the garpike, and in the embryo and 
early free stage of most bony fishes ; tlie tail in the latter 
heeoming finally homocercal or equal-lohed. Thus the 
tail of the Dipnoans may be said to be embryonic, i.e., 
pro toee refill. 

The spinal column is represented by a simple notochord and 
sheath ; within the latter the basal ends of the bony neural 
arches and ribs, and near the tail the lower (hsemal) arches 
are imbedded. The skull is cartilaginous. The extremity of 
the lower jaws supjiorts large tooth-like plates (den tary plates) 
whicli shut in between the few palatine teeth ; in Ceratodus 
these plates are single, and in all Dijmoans these single den- 
tary plates are very characteristic of the group. The narrow 
pectoral and ventral fins are supported by a single, median, 
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many-jointed cartilaginous rod, to whieli is attached fine fin- 
rays, supporting tlie thin edge of tiie tin. 

The spiral valve and cloaca are present in the infest inal 
tract. In Polypterns the cerebral heinisplieres are larger 
than the olfiictory lobes, and tliere is an optic chiasnia ; the 
heart has besides the right large auricle, a left sinalh'r one 
whi(jh receives the blotKl from tlie lungs, anti a single ven- 
tricle, as in Ani])hibians and most re})tiles; they have true 
nostrils. Tlu^ lungs are likt^ those of Am]>hibians, and in' 
addition tliey jiossess Ixdli 
internal and external gills 
(h'jg, 393), tlie latter nearly 
aborted in the adult. 

Tlie genus Cerafoflns was 
originallv named by Agassiz, , -J^xtenuii of a voum;: 

from teeth found in Jurassic 

and Triassie strata in Europe. Living specimens were found 
by Mr. Krelft in Queenshuid, Australia, and calletl (^vraiuduH 
Fosteri Krefft (Fig. 394). This fish is rather more ehmien- 
tary in form than Lrjtulasiren, the body lieing stouter, and 
the large scab's of the body, with tlu^ tin-like jawldles and 
distinctly raytal vertical tins, (‘ause it to resemble more closely 
ordinary bony fishes than Leiiidosiren (Gtinther). Moreover 




Fiff. 394.— CferotorfiAf, or AnetraUan Lnng-FlBh. (The tail In nature cnd« In a point.) 
—After GiinUier ; from Nichobon. 


the lung is single, and not used so much as tht; t wo perfect 
lungs of Lepidonirm. It attains a length of six feet. It 
can breathe by either gills or lungs alone. Wlien, Gfintlier 
thinks, the fish is compelled to live during dronglits in tbi(;k 
muddy water charged with ga.ses which are the prodmd of 
decomposing organic, matter, it is oldiged to use its lungs. 
The gills are more like those of ordinary hrmy fishc.^ tlian 
those of Lepidosiren. It lives on tlie dcful leav(*s of aquatic 
gi'asses, etc. The local English name is fiat-ln^ad the 
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native name being '‘barramundi/’ Nothing is known of its 
breeding habits or mode of development. Tlie eggs when 
ready to be laid are 2.5 millimetres in diameter. The lower 
part of the oviduct is much as in Menopoma. Fossil teeth 
of Ceratodus occur in the Jurassic beds of Wyoming, and two 
species have been found in still older beds in Illinois, regarded 
by Cope as either Upper Carboniferous or Permian. Thus, 



Fij?. Wio.—Pi'otoptaru'i annectens^ a Luii" of Africa. One third nafurul size. 


as remarked by Gdnther, we have in Ceratodus a genus 
which has survived from the Triassic period. 

The lung-fish are distinguished by two well-formed lungs, 
and the narrow ribbon-like fins. In Lejndof^iren paradoxa 
Fitzinger, there are five gill-arches, witli four slits, and the 
body is rather longer, more eel-like, with a blunter snout 
than in Profojderus. It grows to one metre in length, and 



Flp. 896.— Skeleton of Ptvtopferus annectnm, phowlng the protocercal tail and the 
simple rod-like limbs, the pelvic and shoulder trirdles, and the nature of the jaws. 
cA. notochord ; p, bones rci)rcHentinjj: the hiemnl arche-* attached to the notochordal 
sheath ; hm, haemal spines ; ih, rays of the caudal tin.— After Owen. 

inhabits the rivers of Brazil, This is represented in Africa 
by tlie closely allied Pi'ofopterus annectens Owen (Figs. 305 
and 396 skeleton), which has six gill-arches, with tliree 
pairs of external gills in the young. It is 40-70 centimetres 
in length. It lives on leaves in the White Nile, Quilimani, 
Niger, Gambia, and their tributaries. It buries itself in the 
mud a foot deep. Gnnther states tluit numerous examples 
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of Lepidosiren have been kept, in captivity, but none liave 
shown a tendency to leave the water.” 

The^modern Dipnoi rei)resent the Devonian tishes Holop- 
tychius, Dipterus, and Phanerojdenron, 
and the American Dinichthys Torrelli 
of the Devonian rocks of Ohio, whicli 
is said by Kewberry to have been about 
five metres (from fifteen to eighteen 
feet) in length, and a metre in thickness, 
being inferior only in size to Ihe Astero- 
Icpifi, a Placode rm of the old red sand- 
stone of Oreai Britain. 

Order 3. BranrJrioynnoidei. — Here be- 
longs the Polypi erns of the Nile and 
Senegal. In these (fanoids the tail i.s , 
cither protoccrcal or heteroctercal ; the ^ 
scales are cycloid or rhomboid. The 
dorsal tin is long, subdivided into divis- 
ions, each with a separate ray and s))ine. 

Polypteru,s hichir Geotfroy (Fig. 397) 
has a protoccrcal tail. The young has 
external gills (Fig. 393). It inhabits the 
' river Nile, P, soieyalos the Senegal. 

CalamoicJithifH differs in having no ven- 
tral fins and in its elongated form. It 
inhabits the rivers of Old Chilabar. Al- 
lied to these living forms are the De- 
vonian Osteolepis, CwlacanifmSy and llo- 
loptychius. 

Order 4. Hyogarioidei. — This group is 
represented by the gar})ike and Amia or 
mud-fish of the United States, which 
is an annectant form connecting the 
Ganoids with the Teleosts. In these k,„, 
fishes the spinal column is bony, the cAir.—From cuvler. 
tail partially hetcrocercal. 

In Lepidosteus (Fig. 398, L. o^seus Agassiz) the body is 
long, the jaws long and armed with sharp teeth, the Y(;rt<d)rai 
are opisthocoslous, and the scales are large and rhomboidal, 
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while the air-bladder is cellular, lung-like. Fossil species oc- 
cur with those of Amia in the tertiary rocks of the West. 
Lepidosteus osseus Agassiz, the bony gar, with a long, slender 
snout, is sometimes five feet long ; A. platystomus Rafin. 
has a short nose, while the alligator gar, L. spatula Lac6- 
pede, has a short and wide snout, and grows to a larger size 
(nearly three metres) than the other species, and inhabits 
the Mississip])i Valley. The garpikes are carnivorous, very 
rapacious, and are said to destroy large numbers of food- 
fishes. They usually remain near the surface of the water, 
emitting bubbles of air and apparently taking in a fresh 
8U])ply. Wilder has observed Amia inhaling air, and re- 
marks that so far as the cx])(‘riments go, it seems probable 
that, with both Amin, and Lrpidosfeus, there occurs an inha- 
lation as well as exhalation of air at pretty regular intervals, 
the whole process resembling lhat of the Mcnohranclius and 
other salamanders, and the tadpoles, wliich, iws the gills 



Fig. JTOS,— Garpikc. From Tenney’s Zoology. 


shrink and the lungs increase, come more frequently to the 
surface for air.” Both of these fishes are very tenacious of 
life and withstand removal from water much better than 
bony fishes and sturgeons, on account of the lung-like nature 
of their air-bladder. Wilder wshows that there is a series of 
forms, mostly Ganoids, from the Amia and Lepidosteus in 
which the pneumatic duct enters the throat on the dorsal 
side, up to Lepidosiren in which it enters the throat on the 
ventral side, like the air-tube or trachea of Amphibians and 
higher Vertebrates. 

The breeding habits and external changes in form of the 
garpikes have been described by Mr. A. Agassiz. The gars, 
which are nocturnal in their habits, appear on the shores of 
Lake Ontario at Ogdensburg in immense numbers between 
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the middle of May and the 8th of June, voinainin^ at other 
times of tlie year in deep water. 

The young begin to hatc^lii about tlie end of May. At 
first tlie embryo gar possesses an unusually largi* yolk-sae, 
while the notoeliord is very large; otherwise* posteriorly it 
resembles the young of lainy fishes. It differs, howev(‘r, in 
its larg(^ mouth, which is surmounted with a hoof-shapcnl 
depression edged with a row of projecting smokers, by which 
it attaches itself, hanging immovablt*, to stoinvs ; the eye and 
brain is smaller than in bony fisiu*s. 'The tail is at first 
protocerejil, Ix'ginning on the second day to bei‘ome hetero- 
cereal. On the third day the gill-clovers form ivcdangular 
fia])s, and the first traces of the ]KMdoral tins aj)])(‘ar, while 
the snout becomes longer. Ky the fifth day the traces of 
the dorsal, caudal, and anal fins a]>j)ear. When a little over 
three weeks old it assumes a more fish-like form ; the suck- 
ing djsk has nearly disappeared, the lower jaw grcaitly lengf h- 
ened, and tlu‘ gill-covers extend to the bas(‘ of the ]>ec(oraJ 
fins. When Ixdwecn two and thnai we(‘ks old (Jie young 
gar-fish is 20 millimetres inch) hmg. ddie young ris(^ to t he 
surface to swallow air, as in the adult. Soon after this it is 
of the form first discovered and figured by Wildcu*. d'ho 
gar-fish, according to Agassiz, bears some resem])lanc(‘. to 
the sturgeon in certain stages of growth, and in the forma- 
tion of the ])ect()ral fins from a lateral fold, as well as ))y the 
mode o^ growdh of the gill-oj)enings and the gill-arches, while 
it closely resembles tlie young of bony fislies in the develop- 
ment of the posterior jiart of the body, by the modc^ of origin 
of unpaired fins from the embryonic fin-fold, and by llu) 
mode of formation of the fin-rays, and of the ventral 
fins. 

The mud-fish, Amia caliKi Linn., is like an ordinary bony 
fish in form, with rounded scales ; the caudal fin ‘'‘masked 
heieroeercal,” the snout is short and rounded, and the air- 
bladder is large and cellular. It attains a length of two 
thirds of a metre, and occurs in the Mississipjii Valley and 
as far east as New York. A fossil form closely allied to 
Amta dates back to the Cretaceous Age, and the genus 
Oaturm is a Liassic and Oolitic genus. 
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Subclass 3. Teleostei {Bony fishes ). — We now come to a 
ty}>e of fishes which, within very recent geological times as 
well as during the present period, has l)econie differentiated 
or broken up into thousands of species, corresponding to 
the com])lexity of their jdiysical environment as compared 
with the simple features of the })hysical geograidiy of De- 
vonian and Carboniferous land-masses. Like most of the 
larger groui)s of animals, as the Decapod Crustacea, and 
especially the insects, as well as the mollusks, the bony 
fishes have attained an astonishing amount of specialization, 
as if the tree of ictliyic life, taking root in the Silurian Age, 
and sending out but a few branches in later Palaeozoic times, 
had suddenly, in the Cretaceous and Tertiary Ages, thrown 
out a multitude of fine branches and twigs intertwining and 
spreading out in a way most baffling to the systematist. 

The essential, diagnostic characters of the bony fishes, i.e., 
such as separate them from the Elasmobranchs and Ganoids, 
are as follows : ^.riu^ skeleton is bony, the vertebne being sep- 
arate ; the outer elements of flie sca{)ular arch are sim])le, the 
inner elements for the most juirt bony and usually three or 
two in number ; the pectoral fins are without any bone rep- 
resenting the humerus, and are connected with the scapular 
arch by several (generally four) narrow bones (Gill). The 
optic nerves cross one another. The gills are free, usually 
four on each side, and with several o]>ereular bones. The 
heart is without a cone, but with an arterial bulb, and with 
but two valves at the origin of the aorta. The intestine is 
destitute of a spiral valve. 

The student should dissect a typical Teleost, such as a 
fresh-water or sea perch, witli the aid of the following ac- 
count of its anatomy. The drawing and account here given 
of the anatomy of the sea-perch have been })rcpared by Dr. 
C. Sedgwick Minot. The common sea-perch or dinner 
{Tantogolabrns adsjyersns Gill, Fig. 399) resembles the fresh- 
water perch very closely in its anatomy, tlie most note- 
worthy difference being the absence of the coeca at the 
pyloric end of the stomach in the marine species ; with this 
exception the following description applies almost equally 
well to the fresh-water perch, so that this account will bo 
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available for western students who have not access to speci- 
mens of the cunner. 

The perch has the general form of a llattened spindle, for 
it tapers down at either end and is (*onij)ressed laterally. 
There is no neck marked off externally, and tlu' head a[)~ 
pears as the direct eontiiniation of the body, but se[>ara(iHl 
from it by a fissure on either side; this is the opening of 
the gills, which extends from above downwards jind curves 
forward, nearly meeting its fellow on the median line of the 
under jaw ; upon opcuiiiig the gill-slit th(‘ j)ectinate or comb- 
like gills or branchiiB are seen within. Idiere are four sets 
of brancliial filaments, each set atiached to a. separate de- 
scending andi, in front of each of which is a slit leading into 
the cavity of the mouth ; but there is no slit behind the 
last gill. The branchiae are protected (‘xternaliy by the gill- 
cover or openailum, which is attached in front, hut is free 
belli ndj where it forms the front edge of the gill-slit ; it is 
composed of four distinct parts : 1. The* ]u*a^o|>erculum 
nearest the eye, and with its lowest (corner almost a right 
angle : its posUu’ior and vertical edge is furnishe<l with 
numerous minuU^ projecting sjiiiu^s. Z. ApjauirltMl to the 
underside of the margin thus arim^d is tlui operculum. 3. 
Below the pricoperculum is the interoperculum, which par- 
tially covers up 4, the subo|MWculum. E'kjIi of these parts 
has a separate bony support ; all four l)(me.s are dev(‘lo[)ed 
only in the Teleod-s ; in sturgeons, ff>r examj>le, there is 
only an oiierculum, to which in other (lanoids other parts 
are added ; in Selachians the whole apparatus remains 
undeveloped. 

The mouth is placed in front ; the upper lip is capable of 
independent motion, being supported by the pramiax illary 
bones, which are but loo.scly attached to the cranium, thougli 
in many other fishes the union is closer. Tlu*. eyes are large 
and lidlcss ; just in front of each eye is an opening of the 
size of a pin’s head ; these openings lead into the nasal sacs, 
of which there are two, ])ut both are without communica- 
tion witli the mouth ; in higher vertebrates, from the Dip- 
noi upwards and in Mjjxine, tliere is such a communication. 
In the Marsipohranchii there is but a .single median nasal sac. 
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The ear has no external opening, being completely encased 
in bone. Nearly parallel with the lino of the back extends 
a continuous row of yellow spots marking the lateral line 
(Fig. 399, 7v), along which arc found the pore-like open- 
ings of the so-called muciparous glands. 

All hsh have fins of two kinds — unpaired and ])aired ; the 
latter, four in number, correspond to the limbs of other Ver- 
tebrates. The unpaired fins are first develo))ed on a contin- 
uous median flap of integument, which extends along the 
back, around the tail, and on f.he underside as far forward as 
the anus ; cartilaginous or l)()ny rays are developed in it as a 
support. In the adult fish the fold is generally discontinu- 
ous, being usually separated into three distinct fins — dorsal, 
caudal, and anal ; the dorsal fin is frerpiently, the anal fin 
sometimes subdivided. The fin-rays are(l) either sim])le 
pointed rods, or ( 2 ) jointed and branching. All the rays of 
the caudal fin, and the posterior rays of the dorsal and anal 
fins, are branching. In some Malacoptervgians all the rays 
are braiuiliing ; in many, however, the first ray is simple in 
the dorsal and anal fins, while fishes like the ])ereh and cun- 
ner are distinguished by having several or many of the an- 
terior rays of the dorsal and anal fins simple and pointed. 
In the cunner half the rays of the dorsal and the first two of 
the anal fin are simple. 

The pectoral fins are attached to the side of the body and 
are large and rounded. The ventral fins lie further back 
near the median ventral line ; they are smaller than the })ec- 
torals. The position of the ventrals varies in different fish, 
and is much used in classification. The anus lies immedi- 
ately in front of the anal fin. 

The body is covered by scales, which overlaj) one another 
from Ix'forc backward ; their free edges are rounded and 
smooth, hence they are called cycloid. These scales, as in 
all Teleosts, are ossifications of the underlying cutis, and are 
covered by the epidermis ; they were formerly wrongly sup- 
posed to be epidermal structures. 

To dissect a perch the side-wall of the mouth must be re- 
moved, then the gill-cover ; study the arrangement of the 
gills. Next make an incision along the median ventral line 
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from the level of the pectoral litis to just before the anus, and 
following the u])})er edge of the body-cavity upward and for- 
ward cut away the body-wall, taking care not to injure the 
large swimming-bladder above, nor the heart in front. Now 
open the jiericardial cavity, wJiich lies ventrally iinniedi- 
ately Ix^hind the gills (see Fig. 31)9, ///). ('Ut away the mus- 
cular masses around the back of the head ; ex])ose the cavity 
of the brain, and remove the loose (cellular tissue around the 
nervous centres. If the gills of one sidiMin^ excisc'd and the 
intestine drawn out, the dissection will apjiear very much as 
in Fig. 399. 

The (‘avity of the mouth widens rapidly and (‘ontinnes as 
the branchial chamber or pharynx (f/ ), whencu' we can pass a 
prolie outward through any of the gill-slits. 33u‘re is a single 
row of sharp-pointed teeth in front on both tlu' under and 
upper jaws ; in the ]iharvnx above and Ixdow there are 
rounded teeth. At the side of the pharynx ar(‘ the four gill- 
slits and the four arches ; the inner surface of the anterior 
thre(* arches is smooth, while th(^ andi luddnd (Ikj fourth slit 
is much nioditic.'d in slnpie and is arnuMl with tubcr(‘leH 
and teeth. The entrance of each slit is guarded in front 
and behind by a row of projecting tubercles aj)pcnd<*d to the 
arches. On the outside of each arch, except the fourth, is 
a double row of filaments, richly supplied witli l)lood-vc8Hels 
whicli, shining through, give a brilliant red color to the 
gills ; on the fourth arch there is but a single row. At the 
upper and posterior (;onicr of the pharynx is the. small open- 
ing of the short a3so])bagus. Tlie branebial chamber has an 
U})ward extension on the sides of which lie tlio pseudobran- 
chia? (iN*), accessory respiratory organs not connected wdt h 
the gills proper, and receiving their blood-HUj>ply from distiiuU 
art(‘ries. There are no salivary glands. 

The oesophagus dilates almost immediately to form tlie 
stomach (partly concealed in the figure by the livxir, Af), 
which seems hardly more than a dilatation of tlu^ inte.«i ine 
{In), This last is of nearly uniform size throughout, and after 
making three or four coils terminates at the anus, immedi- 
ately in front of the urinary and genital apertures. When 
in sitUf the terminal portion of the intestine or the recfAim 
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extends straight along the median ventral line. The liver 
{hi) forms an elongated light-brown miiss resting upon the 
stonnudn 'Ihje elongated gall-bladder lies between the 
liv(n’ and stomaeh, somewhat imbedded in the substance of 
the former. There is no ]>ancreas, though it is present in 
some fishes. Tlu^ s})I(.‘en {Sp) lies between the stomach and 
intestine, in the mesentery ; it is dark reddish-brown in 
color. 

d'he air-bladder (^V) is a single large sac, ])laced in the dor- 
sal part of the body-cavity. Its glistening walls ate com- 
])osed mainly of tough fibrous tissue. The ])neumatic duct, 
by whi('h the bladder coinmunicaites with the msojdiagus in 
many fishes, is wanting in the p(‘reh as in nearly all other 
Teleosts. HiC air-bladder normally contains only gas(‘s. It 
conceals most of tlie kidneys, which extend the whole length 
of the body-cavity on either side of the middle line, as two 
long strips <»f a deep though dull red. They ])roject bevond 
the air-bladder in front (A7) and behind (AT'). Their an- 
terior ends are somewhat separated from one another by the 
int(‘rvening pharynx. The ureters open into a urinary 
bladder {hi) behind the anus. 

The ovary is single and varies gi'catly in size according to 
the season. In the male the sexual glands are double. Each 
testis ['i ) is an elongated, whitish, lobulated organ, placed im- 
mediately below the swimming-bladder, and continues pos- 
teriorly with the wSpermiduct, which opens immediately be- 
hind the anus. 

The heart {lit) lies in the triangular pericardial cavity ; it 
consists of two portions, the dark-colored venous chamber, 
or auricle, above, and the lighter-colored arterial chamber, or 
ventricle, ludow. The auricle receives from above two large 
veins, one from either side ; these veins are called the ducti 
Cmneri, Each Cuvierian duct, as can be seen in the figure, 
ascends beside the msopluigus, and there receives a large jug- 
ular vein from in front, and a large cardinal vein from be- 
hind. Furthermore, a large vein, the sole representative of 
the veiia cava of higher Vertebrates, passes from the liver, 
near its anterior end, through the pericardium, and empties 
into the Cuvierian ducts near their common auricular orifice. 
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The walls of the auricle are comparatiYcly thin ; the aurieulo- 
yentricular orifice is provided with valves, whi(‘h juvvent 
the blood flowing back into the auricle. The walls of t he 
ventricle are tliick and very ninscular ; from the up})er end 
of the ventricle close to the base of tlie auricle Hi)rings the 
buldus arleri(i}<us, a muscular cylinder, whicli, running hori- 
zontally forward, ])asses out through the ])ericardium, and is 
continued as the less muscular aorta (J) underneath the 
branchial arches along the median line ; the aorta gives off 
branches on botli sides, one to each arch to su})ply the bnin- 
chiae ; the vessels after ramifying are gtithered toget h(»r, to 
again form a single trunk, which ])asses backward imniedi- 



ately underneath the spinal column ; it is called the descend- 
ing aorta. 

The body and pericardial cavities are called seroiia, because 
their lining membranes are always moist w’th serum, a watery 
fluid, very much like blood-]>lasma. The lining of th(‘. body- 
cavity is named the peritoneum, and forms a (continuous cov- 
ering around the viscera. It is important to observe that the 
various organs simply project into the body-cavity and do 
not lie really inside of it. In fishes we find the (lisi)osition of 
the parts to correspond more closely with the fundamental 
type of Vertebrate structure than it does in higher forms, in 
which further modifications have supervened. The pharynx 
still has its distinctive character ; the pericardium lies at the 
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base of the neck, instead of in the thorax as in the iiigher Ver- 
tebrates. The heart still preserves its ])rimitive division ; on 
the other liand, the swimming-bladder is as 2 >ecial adaptation 
of the pisciaii tyj^o, while the frequent absence of the pan- 
creas is a })eciiliarity of lislies the meaning of which is not 
yet understood. 

The brain {B) does not occupy the whole of the cranial 
cavity, but is imbedded in a large accumulation of celiular 
tissue. In order to study the brain satisfactorily, it should 
be (exposed from above, laying bare at the same time the optic 
nerves and mus(des. The two olfactory lobes arc followed 
by two lobes (//), ilio (cerebral hemispheres, and immediately 
])ehind them two larger lo]>(\s (()), the corpora hi- or quadri- 
(jemina (oi)ti(! iolm, not optics thalami) ; further back follows 
a single median lobe the ccreladhim, somewhat conical 
in shape and resting upon tlu' laedulla ohlonfjafa (df), from 
which spring various nerves, and which, tapering backward, 
is continued as the spinal cord. In front a]>})ear the very largo 
and conspicuous optic nerves (Op), the right nerve 2 )assing 
obli(iuely to the left eye, the left nerve to the right eye 
running under the right nerve, but forming no chiasma ; 
each optic nerve is a idaited membrane, folded somewhat 
like a fan when shut up, an arrangement occurring only 
among lislies. In a side-view of Ihc brain (Tig. dOO, 7>), the 
mode of origin of the optic nerves and their origin from the 
optic lobes can be idearly seen ; it further shows the various 
forms of the lobes of the brain, and the large inferior Jobes 
(X) below the corpora quadrigeraina ; these lobes arc very 
remarkable and difficult to homologize. 

The eyes lie in two sockets, separated by an interorbital 
septum (Fig. 400, S). The eyeball has the form of an ob- 
late spheroid, and is moved, as in all Vertebrates, by four 
reedi and two ohliqvi muscles. The recti spring from around 
the exit of the optic nerve from the brain-case, and thence 
diverge to be inserted into different parts of the eyeball ; 
above is the rechis superior {Rs) ; towards the intei-orbital 
septum (S) rectus intermis (Ri), opposed to the last is the 
rectus externus {Re), and below is the rectus mferior, not 
shown in the figure. In Teleosts both oblique muscles, the 
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superior (Os) and inferior (Oi), arise from the front of the 
orbit near the interorbital septum. ‘ The disposition of the 


B. 


Fig. 40().— Anutoiuy of liu* hnun of Oie (’tnincr, (l<ir al and view. /I. 01, olfar- 
tory lobes ; flic crura and tlu* thalanil not reprc8(Mitcd. - Drawn by ( S. Minot. 

recti is very constant, but tlio olilitpii vary considerably in 
their origin in different Vertebrates. 

If a perch be cut tli rough transversely, so that tlio section 
passes througli tlie fore-]>art of the 
air-bladder, and the anterior ])ortion 
then looked at from behind, a very 
instructive view will be obtained, as 
in Fig. 401. The best sections can be 
made by first freezing the fisli. The 
vertebral column ( F) ap])ears a little 
above the middle ; overlying it is the 
neural canal with the sjiinal cord ; im- 
mediately ]>elow it is the descending or 
dorsal aorta (Ao), on cither side of 
which follow the kidneys (/F), resting 
directly upon the air-bladder (Bt), 

Lowermost is the body-cavity, with 
the stomach (.S"'), and intestine (In), 
surrounded by the liver, which has 
been almost entirely removed. The 
rest of the section is occupied by muscles, which, it will thus 
be seen, make up the main bulk of the body. (Minot.) 



JTJg 'JUl. - I rfirisver»‘e nKnimi 
through the middle of the body 
of a C Ulmer.— Drawii by C. 8. 
Minot. 





442 


ZOOLOGY. 


The so-called mucous canal” or lateral line of fishes and 
Amphibians is sensory. It consists of small masses of 
nerA^e-epithelium, arranged in linear series along the sides of 
the head and body, having hair-cells continuous with nerves. 
They are called ‘^nerve-buttons” or nerve-heaps.” Accord- 
ing to Schultze, their office appears to be to appreciate mass- 
movements of the water, and more particularly vibrations, 
which liave longer ])eriod8 than those appreciated by the ear 
(Dercurn). In the blind-hsh of the Mammoth Cave a row 
of serise-papilliC is situated on the front of the head, sup- 
plied with iuTvc-fd)res sent from the fifth pair of nerves 
(Wyman). 

The angler (LopMn.^ piscatoriiis) has long been known to 
possess hinged teeth, capable of being bent inward toward 
the mouth, but ])y virtue of the elasticity of the hinge at 
once resuming the upright position when ])ressure is removed 
from them. A nableps and Pwcllia haY(‘ also movable teeth. 
The liake, a voracious })redatory fish, and in a less degree 
other Gadidfc, are ])ossessed of hinged teeth. 

The nature of respiration is intimately connected with the 
production of sounds by fishes. Recent researches by Jobert 
on ceriain unusual modes of breathing in fishes are of s])ecial 
interest. lie has examined certain fishes of the Amazons, 
f.e., species of Callichfhys, Boras^ Erithrinus, Eyposiomus 
and Sudis giyas or pirarucu” of the natives, the latter being 
allied to the herring. In the Call i chi the intestine is trans- 
formed into a respiratory organ. When the water dries up 
it emigrates to other pools or streams, creeping by means 
of its pectoral fins. This fish can live twenty-four hours 
out of the water with impunity. 

In the gigantic pirarucu, the swimming-bladder is a long 
sac, and the upper part does not look like that organ, being 
spongy, areolar, reddish - brown, friable, and intimately 
pressed to the dorsal and lateral walls of the body ; its color 
recalls that of the lungs of a bird, and functionally it re- 
sembles the latter. 

Among accessory breathing organs are the lamellate cavity 
of the Anahas, and the sac-like appendages which are in con- 
nection with the gill-cavity, and extend under the muscles 
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of the body of AmpMjmoiis tmchia, Gymnarchns and Sacco- 
branchus singio. 

The noises produced by certain fishes are due ])rimarily to 
the action of the pneumatic duct and swimming-bladder, 
while different kinds of noises are made accidentally or in- 
voluntarily by the lips or the ])haryjigeal or intermaxillary 
bones, as in tlie tencli, carp and a large number of otlu^r 
fishes. Over fifty species of fish are known by Dufosso to 
produce sounds of some sort, and Abbot has iiuu-eased the 
number in this country. The swimming-bladders of Trigla 
and Zcm liave a diaphragm and muscles for op(‘iiing and 
closing it, by which a murmuring sound is made. The 



Fig. 40-2 -Oiz/.ard Shad. 


loudest sounds are made by Pogonias cliromis^ tlie drum- 
fish. In some Cyprininm, Siluniids and eels the sound is 
made by forcing the air from the swimming-bladder into the 
oesophagus. In the sea-horse {llippocaaipm), the sounds 
are made by the vibrations of certain small voluntary 
muscles. 

Dr. C. C. Abbot lias in this country discovered that the mud 
sun-fish {AcnnUiarchus pomoiis) utters a deep grunting sound; 
the gizzard shad {DoroHomacepedianum, Fig. 402) makes ‘^^an 
audible whirring sound the chub-sucker or mullet (Erhny- 
ton ohlongum) utters a single prolonged note accompanied 
by a discharge of air-bubbles;” the cat-fish (Amiurm lynx) 
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produces a gentle humming sound eels utter a more dis- 
tinctly musical sound than any other of those observed by 
Abbot, who states Unit “it is a single note, frequently re- 
peated, and has a sligl^tly metallic resonance.” It should 
also be noticed that the organs of hearing in many musical 
fishes are said to be unusually well developed, hence these 
sounds are ])robably love-notes ; and Abbot notices the fact 
that these lishcs are dull-colored during the reproductive sea- 
son, as well as at other times, while voiceless fishes, such as 
the perch, common sun -fish, chuh, roach, etc., arc higlily 
colored during tlie breeding season, and thus the sexes are 
mutually al tracked in the one case hy music, and in the other 
by bright colors. Finally the sounds of fishes may be said 
to be homologous with those? of reptiles, birds and mammals, 
the air-bladder b(‘ing homologous with the lungs of the 
higher Vertebrates, while the ])nenmaiic duct is (;oiiiparable 
with the trachea of birds and mammals. 

In swimming, the ])ro})elling motion is mainly exerted by 
the tail, the movements of which are somewhat like those of 
an our in sculling. The spines of the tail-fin are movable, 
and are capable of being brought into such a position that 
the fin will meet with less resistance from the water wliile 
the tail is bent, then straightened, and it is when being 
straiglitened tliat the fish is propelled. The movements of 
the ])eetorals and ventrals are to steady the fish and to ele- 
vate and depress it, while the dorsal and arud fins steady 
the body and keep it iqiright, like a dorsal and ventral keel. 

Among vivi])arons bony fishes are certain Cyprinodonts 
(as Auahleps and Pcenli(t), the eel-like Zomres, and the 
blind-fish of (lie Mammoth Cave, A small family of Cali- 
fornian marine tislies, in form resembling the sun-tish (Pomo- 
tis) are called by Agassiz Emhiotocidw, from the fact that 
they bring forth their young alive. Emlnotoca Jacksoiii 
Agassiz, which is twenty-seven and a half centimetres (10^ 
inches) long, has been known to produce nineteen young, 
each about seven and a half centimetres (3 inches) long. 

During their rciu’oductive season, many bony fishes, such 
as the stickleback, salmon, and }>ike, are more highly colored 
than at other times, the males being especially brilliant in, 
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their hues, while other secoiidurv sexual c*haraeters are devel- 
oped. The female deposits her eggs either in masses at the 
surface of the water, as the goose-tish, or at the bottom 
on gravel or sand as do most other fishes, tlie male passing 
over them and depositing his milt'' or spermatic particles. 
The egg has a thin trans})arent shell, and the yolk is small, 
covered with a thick layer of the “ white.'’ 

The eggs after fertilization undergo ])artial segmentation, 
tlu^ ]n’imitive streak, notochord, nervous cord, and brain de- 
velo]) as in tlu' (‘hick, but that the embryo is to become a 
fish is soon determined by the absence of an amnion and allan- 
tois, and by the fact that the germ lies free over the yolk 
like a l»and. 

In the pike the heart begins to beat about the seventh day, 
and by this time the alimentary canal is marked out. The 
])rimitive kidneys are develo])ed above the liver. I'he air- 
bladder arises as an offshoot op})osito tlie liver from the ali- 
mentary canal, and the gall-bladder is also originally a 
diverticulum of the intestine. The urinaiy bkaldei* in the 
fish is sup])osed to be the hoinologue of the allantois of the 
higher Vert ebrates. The princi[)al external chan ge is the 
appearance* of the usually large pectoral fins. 

Tlie embryo pike hatches in about twelve days after devel- 
o])ment begins, and swims about wit)] tlie large yolk-bag 
attached, and it is some seven or eight days before the young 
fish takes food, living meanwhile on the yolk mass, d'he 
perch hatches in twelve days after the egg is fertilized, and 
swims about for eight or ten days before the yolk is absorbed. 
The gills gradually develop with the absorjdion of the yolk. 

The tail in most bony fishes is at first ))rotoc<*rcal, then 
becoming heterocercal as in the adult sharks, but sulise- 
((uently, after the fish has swam about for a while and in- 
creased in size, it becomes homocercal or symmetrical. The 
scales are the last to be developed. , 

In the large size of the ]iectoral fins, the ])osition of tlie 
mouth, which is situated far hack under the head, the lietero- 
cercal tail, the cartilaginous skeleton and uncovered gill- 
slits, the embryo salmon, pike, perch, etc., manifest transi- 
tory characters which are permanent in sharks. 
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Tlie bony fishos date back to the Jurassic period, but did 
not become numerous until tlie Cretaceous and especially the 
Tertiary Period. Tlie Green River beds of Wyoming abound 
in their remuins. 

The Teleosts are divided into eight orders^ in an ascending 
series as follows : Opisthomi, Apodes, Neynatognathi, Scypho- 
phori, Teleocephali, Pediculatiy Lophobranchii and Plecto(j’ 
nathi. 

Order 1. OpiMomi, — The fishes of this group are char- 
acterized by the separation of the shoulder-girdle from the 
hojul. The Ycntral fins are either abdominal or wanting. 
The typical genus is Notocanthiiti, in which the body is elon- 
gated, with a proboscis-like snout. 

Order 2. Apodes, — In this group, also, the scapiilai' arch 



Pig. 4(n.— Common Eel, Anguilla acatirostris. 

is free from the skull, while the maxillary bones are rudi- 
mentary. The branchial ajiertures are unusually small, and 
there are no ventral fins, while the body is very long, cylin- 
drical, snake-like. The order is represented among many 
otlier forms by the common eel {Anguilla), the conger-eel, 
and the Murcena of the Mediterranean Sea. The conger-eel 
{Conger oceanicus Gill) ranges from Newfoundland to the 
West Indies. Gill, as well as Gttnther and others, regards a 
long transparent ribbon-like fish, described under the name 
of Leptocepluiliis as the young of the conger-eel. 

The common eel, Anguilla acutirostris (Fig. 403), occurs 
on both sides of the Atlantic, on the North American coast 
as far south as Cape Hatteras, and in inland rivers and lakes. 
The sexes do not differ externally, and internally only 
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as regards the form of the rej^rodiictive glands, 'j’he 
ovaries form two rihooii-likc masses exiendiiig from the 
liver to just beyond the vent and aUaelied by one i‘dge 
to the walls of the body, with the free edge hanging 
downwards. When in spawn the ovaij is v(Ty thick, 
white, and the eg'gs ctui be seen wit h I he naked ey(‘, 
Ixa’ng nearly one half inilliinetre in dianiete?*. When rijK‘ 
they break through the wall of tlie gland a.nd droj» into 
the f)ody-cavity, tliere being no oviduct, and ])ass out of the 
genital opening situated directly behind tlievent. The male 
glands occupy tlie same position as t he ovaries of the female, 
but are smaller, narrower, and distinctly lolmlateil. Out of 
about six hundred specimens of eels, only four rnahss have 
yet been found in this country. These had tesUvs like those 
described by Syrski in the Italian eel (/!. ra/yarfs), while Pack- 



Fif?. 104. -A Siluroid Finh, AHim. Yoini^with tho yolk not, al)Horbctl. 


ard detected the mother cells, and Mr.Kingsl(‘y o])S(*rv(Ml mov- 
ing active sp(!rmatoz(>a. It is ])ro]»able that the (‘(‘1 descemds 
rivers in October and November, s})awning in tin; autuntn and 
early winter at the mouth of rivers, and in har))ors and es- 
tuaries in shallow water. By tlu^ end of the spring tlu^ 
young eels are two or three inches long, and then ascemd 
rivers and streams. They grow about an inch a month, and 
the females do not sjtavvn at least before the second year, i. e., 
when about twenty inches; long. Mr. Matlun* estimates that 
the ovary of an eel weighing six ])ounds when in spawn eou- 
biins upwards of 9,000,000 eggs. 

Order 3. NematofjnatM . — This group is r(;t)res(mted in 
North American w\aters by the catfish and horned pout. 
The name of the order (from vrffxa, vyfxaro<^, thread, and 
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jaw) in in allusion to the filaments or liarbels grow- 
ing out from th(^ jaws, and whirh are eluiraeteristie of the 
members of the group. "rh(‘ uj)[>er jaw is formed hy the 

intermaxillary bones only, wliiie 
the siqira-maxillary bones form 
the bases of tlu* largt* barbels. 
The siibopcreulum is always ab- 
sent, as is also the symjilectic ; 
the sii})ra-occi])ital and ])arietiil 
bones are eo-ossilied. The skin is 
either naked or witli bony plates. 
The air-bladder eonneets by a 
duet with the roof of the (eso}>h- 
agus. While a few forms are 
marine, most of the Sihiroid 
tislu‘s are inhabitants of the riv- 
ers of tro})ieal eountries, a large 
number being eharaeteristic of 
the rivers of Ih^azil. All the 
North American sjiecies Ixdong to 
the family Sihiridw, of whieli 
the common re})resentatives are 
the liorned ])out and western 
eatfisli. In these forms the skin 
is naked. The horiuHl pout, 
Aminruf^ afrarius Gill, ranges 
from New England to Maryland 
Bales atiached by slight stalks. l.akes. It breeds in 

New England in holes in gravel during the midsummer. The 
Great, Lake cattish, JjniurKs nujricanfi Lesueur, is abundant 
in the Great [jakes, and is about a metre (2-4 feet) in length. 
The blind cattish, Groiiias 7i((/7'ilahri.^ Gojie, inhabits a sub- 
terranean stream tributary to Conestoga River in Eastern 
Pennsylvania. 

Among the exotic South American Siluroids are A rins 
(Pig. 404) and Aspredo (Fig. 405) of Guiana. In Mnbosand 
some of its allies in South America tlic eggs are earned hy 
the males in their mouth, from live to twenty being thus 
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borne about until the young liatc?li. Tliey are })ro))ably 
caught up after exclusion and fertilization. Some of tlu'sc 
eggs are half an inch in diameter. Dr. Day states that the 
same luibits occur in certain Indian species of Arius and 
(Xsteof/cnwsNs\ A species of A riffs was foiitid by Stein- 
dachner, at Panama, to carry its eggs in a fold of the skin of 
its belly ; afterwards the males lu'ur them al)out in their 
mouth. 

"'Tlie females of Aspredo have on I lie ventral surfact^ 
horny, stalked eajisules, which contain (‘ggs from one to two 
millimetres in diameter ; the eapsuh^s ilisajijiear as soon as 
the young hatch. 

Mala 2 )terurns electricus Laeepede, of the >iile, is <‘le(dri- 
eal, the electric cells forming a layer directly lumeath the 
skin and (mveloping the whole body, exci‘[)t the h(‘ad and 
fins, ddie cells are minute, lozenge-shajied, about, one and 
a half millimetres in diameter. are Hupjdied by a 

nerve from the spinal (tord. "riu^ shock is comparatively 
feeble, but sutlic'es for (Udenee, “ the llsh being protected by 
its electrifying coat, as is the hedgehog by its s[)im\s.” 
(Owen.) 

Order 4. Srpphojdiori. — ddiis ord(‘r, lirst, named and 
eliaraeterized by CVipc, derivcvs its apjiellation from the 
Oreek a bowl, and to bear, in allu- 

sion to a iieeuliariiy of the pterygoid Imuic, whi{;h is en- 
larged, funnel-shajied, and excavated by a l)owl-lik(‘ (diam- 
ber which exjiands laterally and is covensl by a lid-like borne 
The brain has a peculiar pli(;ated organ oviu* t h(‘ eereb(‘llum ; 
the air-bladder is simjde, communicating by a duel, with the 
intestinal canal. ddie onhu* com])rises two families, the 
members of which inhabit the rivers of Africa ; tiii^y iir(; the 
Mormijrida’y rejnesented by a number of genera and sp(‘eies, 
and the GijmnarcJiidWy of which (hffnnarviius niiolicus is 
the only known sj)ecies. 

Order 5. Teleoeephali. — These are our common typ(‘s of 
fishes, and are, whether wo consider their individual struc- 
ture or the number of s}>ecific forms, tln^ most highly de- 
veloped, i. (?., s|x^cialized, of the class. The name is derived 
from riXeio?, luudect, and mepaXy], head, in allusion to the 
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Iiigli (logroe of (‘la})oration and divTrsi/:y in the hones of ihc 
i){‘ad. 1'lie skeleton is usually eoiupletely ossified. TJ»e 
])om‘s of tlie skull and of the jaws are fully dove]o])ed. The 
lower jaw is affaehed to the skull hy a sus})ensorium of sev- 
eral well-niark(Mj hones, ineludijig a syinpleetic, wliile th(‘ 
hyoid and gill arches are well develo])ed, as is the sca[>ulai’ 
ai*eh. Ilict hrain has small olfactory lo]>es and a, small eere- 
hellutn. ^rh(^ scales are g(‘nerally ])resent, and cu’llier cte- 
noid (/.e. , roug]i-(‘dg(‘d) (u* cycloid rounded but smooth 
on tlu‘ (‘(Ige). The common examples arc the carp, herring, 
trout, and salmon, pike, j)erc]i, cod, and ilounder. 

'^Ihirning now to some of tlie more (diaracteristic members 
of the ord(‘r, we first notice one of the lowest Teleosts, the 
(d(‘ctrical (H‘1 {G tjnnmf us cfrr/ricus Linn.) of South Amer- 
ica,, whi(di is two nudres in huigth, and is charaett'rized by 
its greatly d(‘velop(‘d el(‘etrieal batteries. Idu'se aivfouriu 
number, sitiiat(sl (wo on eaeli side, of the body, ami together 
form nearly the wlioh' lowca* half of the tiaink. The ])latos 
of tlui cells an^ vertical insttaul of horizontal, as in the tor- 
]iedo, while the entire batt(‘ries or cells are horizontal, In- 
stead of vertical, as in the (deetrical ray. 1’lie mu’ves siait 
to the bat(('ri(‘s of the eel are supplied hy the ventral 
hramdies of about two hundred j)airs of sj)inal ma-ves. 

Su(*ce(‘ding tlu'se and allitnl forms are the herrings (C/u- 
poidw), ]’e])r(‘S(‘nl(‘d by (lu‘ common English hcu'ring, (fjupvu 
Jiureuifus !/mn., which inhabits both sides of the Xorth 
Atlantic, extending on ih(‘ American side from the })olar 
iH'gions to Lape (’od ; the alewife, Pouiolohus pseudoharvnyus 
dill, which ranges from Newfoundland to Florida : the sluid, 
Alosa sapid isshua Storer, xvhich has tin? same geograjihical 
distribution as the alewife; and the menhaden or I)og^, 
Prvroorfia tyraunus (loode, which extends from the coast 
of Maine to da})e llatteras. These, with the cod, hakcv 
haddock, salmon, and a few other s]>eeies, comprise our 
most valuable marine food-tishes. The lisheries of the 
United States yield about 000,000 annually, whilst those 
of Great Britain amount to about 000,000, and tliose of 
Norway about Ji>l 4, ('00,000. 

The herring is a dt>t'p-watm* fish whicli visits the coast in 
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spring in iniinense seliools, iii whicli the foniales aro tliitio 
timo*s as iiunioroiis its tlio males, to spawn, st'k'ctinii; shoal 
water from tlina* to four fathoms (l(H*p in bays, wliere tlu' 
liaieh. At this season, and early in tlie summei-, liun- 
(Ireds of millions are (*au^dit, es])eeially on the Canadiim. 
Xewfoiiiulland, and Labrador eoasts. The Knitl*'^!* while- 
))aii is I he young of the herring, ddu* lierring is eaught in 
<le(‘]> nets wit h meslies largi' ('uough to e;ij)tina‘ individuals 
of ordinary size, the mds having a liner mesli than tln>s(‘. 
used for tlie maekc'rel hslierv. 

Tlie ah'wife and sliad an‘ said to Ix' aHadnunohs, from 
their lia])it <‘arly in spring of visiting the (M»a.si, and jistxnid- 
iiig rivi'rs in viusi n umbers to spawn. Tlie eggs are of mod- 
erate size ; the ovaritis are said to contain idiout ‘^5,000, and 
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at times as many as 1(K),00() or 150,000 eggs. They an; dis- 
charged near the surface, sinking slowly !(> the bottom. 
Tlie time between iin]>n‘gna(ion and haiciiing varies from 
about thn'o to six days, according to the tiun j>erature. The 
shad eats little <*r nothing in freshwater, being then engaged 
in the act of rejirodiietion. In the s{‘a tiiey live on small 
(h’ustaceans, siudi as etc. The menhaden is mnv jiiit 

up as a suhstiinte for sardines, and is of great value as lish- 
hait. es])ecia11y in th(‘ ma<;kerel fislierv, and for its oil. 

The family Salmouidw comprise tlie salmon, trout, and 
whitefish, with a nnmlier of species and varieties. The 
species of the genus AnZ/«o have not more than eleven rays 
to the anal fin, wliile the salmon of the west coa.sL, qninmt^ 
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has fifteen or sixteen anal rays. The Sahno salar Linn, 
sometimes weighs eighty jiounds. It is common to Eurojie 
as well as Northeastern America. In tlie autumn the salmon 
ascends rivers to sjiawn, jienetrating as near the source as 
possible. During tlie breeding season the males differ de- 
cidedly from the females, in the long, slender, liooked snout, 
the body being tliin afid Idgh-colored. The eggs are verv 
large, exceeding a ])ea in size, and are laid in shallow holes 
made in (he graved of streams. The extreme young are 
banded and called parr ; wluui about a year old, and of a 
bright silvery color, before descending the rivers to the sea, 
it is called a sfunit ; after its return from the sea into fresh 
water it got^s by the naine of (jrilsc ; and tinally, after re- 
turning a s(‘eond time from (he sea, it assumes its nanu; of 
salmon. The trout, Sahno {SalrvUnufi) fonlinalis Gill iind 
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Jordan, also breeds in the autumn and early winter ; it is 
not anadnmunis, living permanently in streams and ponds. 

An allied family embraces the smelts, (XsmerKs eper- 
lamis Linn,, and O. mordax Mitchill, which live on both 
sides of the Atlaniic, and range from Nova Scotia to Vir- 
ginia. The ea})elin, Mallofm viUoKUS Chivicr, is valuable 
as bait in tlu‘ cod fishery. It spawns in the summer. The 
males are distinguished by a ]>rominent lateral ridge along 
the sides of the body and are more numerous than the 
females. 

Belonging to the same suborder or group of families 
as the Sahnonidw is the family Gnlaxiidm^ represented by 
Galaxias and Xeachatnia (Fig. 413), in the latter of which 
the ventral fins are absent. 
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The carps {Cyprimis), shiners and minnows abound ovory- 
where in the Xortheni >States in ponds and weedy streams. The 
breeding liiibits of thediice {RMnichthifs ntronasu,^ MiUdiill) 
have been observed ])y Ur. (Jregg. Tiie females s})awu over 
*‘nesis’' or sliallow de])r(‘ssions two fi‘et in dia, meter in run- 
iii ng brooks about a foot d(‘t‘]) ; tlie male j)asses over the 
eggs fertilizing them ; then the ]>air bring small pebbles 
which are dro])])ed over tlie eggs, until layer after layer alter- 
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na((‘ly of eggs and peb})les are de|)osiit‘d, when a b(‘aj> is 
formed, the, young ha{(diing out and ri'maining among Ibe 
])e])bles until old enough lo venture <mi, into tin* stn'am. 
The daec^ is closely alli(‘d lo the chub {Sn/Hffilns rhafltnis 
(^)])(g Fig. 415). Su(‘e(»(*ding ihem are. the snek(‘rs (tamily 
(^((foKfomifhr) of whieli Cfflosloffi p.s ieres Ja.*siumr is an ev- 
anijde. 

The Idiiul fish of tlie Mammotli and ollnw caves, and of 
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adjoining wells connecting with subttTranean streams, are 
reiuarkabk‘ for the rudimentary state of tlu^ eyes, atid (ton- 
sec juently of color, Tliere arc several specie's, tluj most 
common and larg(\st ]>eing Ainhhpfpsii^ sjx'hrns DeKay ; this 
s])(‘cies is vivi[)arous. Kepresc'nting the family I’nihridm is 
th(‘ mud-minnow (Mplanyra luni Kirt,, Fig. 414). 

The tlying-tish represent another family. 'Fln'ir pecd.oral 
fins are very Iwoad and large. 4'h('y dart, from the water 
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with great speed without reference to the course of the wind 
and waves. They make no regular ilying motions with their 
pectoral and vcuitral fins, but spread them out quietly, 
tliough very ra})id vibrations can be seen in the outstretched 
pectoral fitis. Tliey usually lly farther against the wind than 
with it, or if th(‘ir track aiul the direction of the wind form 
an angle. Most flying-fish Avhich fly against or with the 
wind continue in their wlude course of flight in the same di- 
rection in which they come out of the water. Winds which 
blow from one side i)n to the original track of the flsh bend 
their course inward. All flsh which are at a distance from 
lb(^, vessel hover in tlu'ir wlmle course in the air near the sur- 
face (d* the water. If in strong winds they fly against the 



rip. 415.— Tlie I.argc Chub, SetnoHhts rhoiheug, one fifth natural size.— From Abbot. 


course of the weaves, then they fly a little hlglier ; sometimes 
they cut with the tail into the crest of the waves. Only 
such flying-fish rise to a considerable lieight (at tlie highest, 
by chance, five metres above fhe surface of tlie sea) Avhose 
course in tlie air ])e(‘oines ubsiriictcd liy a vessel. In the 
daytime flying-flsh seldom fall on the deck of the sliip, hut 
mostly in tlie night ; never in a calm, hut only Avhen tlie 
wind blows. (Moehiius.) 

Following the flying-flsh is the family represented by the 
silver gar or liill-fish {Belouv^ Jonrfirosfrus Mit chill. Fig. 416). 

The sucker (IJcJieneB remora Linn.) occurs along the 
whole coast of the United States, and is found all over flic 
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tropical and subtropical seas. Jt is providi^d with a broad 
oval sucker on tlie upper side of the head, by whicli it ad- 
heres to otlier lish or even to ships, and may thus be trans- 
ported long distances. Another iioticeabh^ member of ilie 
order is tlie hlucAisli saBa/ri.c Linn., Fig. 417), 

so valuable as a food- fish. 



Fig. 416. —The Bill-fieh, JJcione loni/i^etrus.—Ymu the Amerimn Naf.imutst. 

Fho dolphin {Corjfpliwna) is sometimes found iijxui oui 
coast, but it is essentially a pelagic lish, otaairring only out 
of sight of land upon the high seas. Tlui ])i lot-fish is jils(i 
a pelagic form. 

fifiie perooid tislies are n‘})resented by the ptu'ch (Prn tr Jhi- 
Linn.), wliieh s{)awns in winter, making slight hol- 
lows in the gravel in shoal places in j)ondB ; tlieir inovenuints 




Fig. 117.— The }il!ic>08h, mlUitrise,^ one 8ixUi natural w/.c.,— Froin llif 

Amtr'i&in Naturalvit. 


can be watched through the ice. On the other hand, the 
sun-fish or bream {EuponmlU anrcMfi (L and d.) sjuiwns in 
the summer time, making a nest, which they scoop out of 
tbe river bottom. The banded sim-fish {Mc.sofiinii -stiffs rhw- 
iodon Gill) occasionally scoops out a little ha.^^in in the sand, 
in whieli it deposits its eggs late in the spring. The sfMjtted 
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sun-fish {Enneacantlmsobesus Gill, Fig. 418) lives in muddy 
streams, burying itself in the mud in winter. Of similar 
mud-loving habits is the mud-minnow {Melamira limi 
Agassiz), whicli spawns in the Sjwing. The pirate perch 
{Aph7'edo(lerus mymiiis Do Xay) occujnes the nest of com- 



FiK- 118.— ThcSpottod Suu-fish, Enneamuthus ohesu^.'—Afinr Abbot. 


mon sun-fish, and with the female guards it and afterwards 
the young till tlioy are nearly a centimetre (two-fifths inch) 
in length, wlien they are left by their jairenis. (Abbot.) 

Tdie darters, ElheosUmiidw, belong near tlie ])erches, and 
com})rise. the smallest t)f fishes. Theyinliabit the streams 
of the IMississippi Valley. A common example is the sand- 
darter {Ph’uroJrpis pellifcidfis Agassiz, Fig. 419). 



Fi^. 419,— Sand-Darter.— After Jordan. 


Tlie male stickleback {(rufiferofiieufi) makes an elaborate 
nest of leaves, etc., snspended in mid-water, within which it 
remains watching t he eggs and young. 

One of the most valuable food-fishes is the mackerel 
{Scomber smnhrns Linn,, Fig. 420), whose range is from 
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Oi-eenland to Cape Ilatteras. It remains in deep water dur- 
ing the late autumn and winter, approaching the coast in 
May and June for the purpose of spawning, its annual 
appearance being very regular. The number of eggs de- 
]){)site(] in one season by each female is said to bo from five 
to six limidred tliousand. After spawn ing they move north- 
ward, f{d lowing tlie const until they nre checked hy the 
coolness of I be water, when they return, and in November 
6(‘ek the deep water agait). When sj)awning tlu\y do not 
take the hook ; tliey arc then lean ; but at the time of tlieir 
de})arture from the coast they are fat and ])lump, (Blake.) 
Tlie eggs of the mackerel as well as of t eod are so light 
as to rise to the surface, where thi‘y develop. Allicul to the 
mackerel, tliough of great size, are the horse-mackerel and 
tlie sword-tish, wliose upper jaw is greatly j)rolonged. 



Fiii. 12(1— The Mackerel, Siumiber avotnhriiH, one quarter naturul h’i/c — After JJlwke. 


The singular Annbtis of the P^asl Indies is tlie rejtrt'senta- 
tive of a small group of fishes called LifhyrinfJtiri or laby- 
rinth-fishes, in allusion to a cavity on the upper side of the 
branchial cavity on the first gill-arclies, containing a hiby- 
rinthine organ, which consists of thin jtlates, d(?v(doped 
from the upper [tharyngeal bones, enabling the fish to livt* 
he* a long time out of water. Anaha^ ,s7Vf/oAo/x (!uvier, of 
the fresh waters of India, will travel over dry land from one 
})ond to another, and is even said to climb trees by means 
of the s[)ines in its fins. 

Near the head of the order stands tlie cunner {Tnnloyoln- 
brus adsprrsus (Jill), wliose anatomy is rcfu’csented by Pigs. 
404-400 Tossing over the taiitog, tin* v(wa('ious wolf-fish 
{Anarrhichas), the blennies {/y/c;////V/rc). in whi(;b the body 
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is long and narrow, and the viviparous eel-pout {Zoarces), the 
cottoids or seulpius, and a numlxsr of allied forms, we come 
to the hake {Merlucim hilinearis (till), the haddock {Melano- 
(jrammun axjlefinus Gill, Fig. 421), and cod {Gadus morrhua 



Fil,'. lyi.- The Haddock, Melano^nummiB agleJium.— FTOin the Amencan Xal- 

•n/iitf 


Linn., all of wliich (‘xtend nortinvanls from C-apo 

Iliitleras, the eod jihoiuuling on both sides of the Atiuniit;, 
bein^" a eirciimpolar fislu The cod docs not, as forruerlj 
siipjiosetl, ini^n'ate alon^i^ the coast, lad seeks (he cool (eiript^- 
niture to which it is adapted by gradually ])assing in the 



Fig. 423.— The CtKi-lleh. ihuim 7/H/rrAi«t.—Froiu the Amencan Naturalist, 


early summer from shallow to deep water, and returning as 
(he season grows colder. It visits the shallow water of Mas- 
saeliuvsetls Bay to spawn about (he first of November, and 
towards the last of the month deposits its eggs. About 
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eight or nine million of eggs are annually deposited by each 
female. (Blake.) The eggs laid by the cod rise to the sur- 
face of the water, on which they float. The young nsh 
hatch on the New England coast in twenty days after they 
are extruded. Several millions of cod were artificially hatched 
at Gloucester, Mass., in the winter of 1878-9, by the United 
States Fish Commission ; it has thus been demonstrated 
that this fisli can be artificially propagated. 

The cod is the most important of all tlie food-fishes, 
wlicthcr we consider the number taken and the amount of 
ca]ntal involved in the cod-fishery. It abounds most on 
tlie Grand Banks of Newfoundland. The breeding habits 
of the haddock, liakc and pollock are ])rohably like those of 
tlie cod. 

Fierai^fer is a small eel-like fish, with a long*, thin tail. It 
is tyjiical of a peculiar family, and is nohnvortliy from b(‘ing 
a ‘‘ commensar’ or boarder in tlio digestive canal of llolo- 
thurians, etc. F. arus Brtlnn. lives in Jloluthurians, and 
another sjieeies in a star-fisli {(Uilelfa). ^I'lie IWoMidw. are 
fishes allied to the cod, but (constituting a distinct family. 
Most of them are salt-water sj)eei(‘s. but alli(‘d forms {Lv.vi- 
fu(j(i iivbicrnincui:^ and Sfyuicohc dent (da) live in subterra- 
nean waters in (Uiba. 

At the head of Tdeocephali stand the lloiinders, halibut 
and solos, which are an extremely modified ty[)eof th(^ order. 

In tin ■se fishes the body is very unsymmetricjil, th(‘ lish vir- 
tually swiinining on one side, the eyes lieing on the upper 
side of the head. The up})er side is colored dark, diui as in 
other fishes to pigment-cells ; the lower side is colorless, the 
pigment-cells being undeveloped. Wlien first hatcluMl the 
body of the flounder is symmetrical, and in form is some- 
what cylindrical, like the young of other fishes, swimming 
vertically as they do, and with pigm(mt-cell8 on the under- 
side of the body. Steenstrup first showed by a s(wies of 
museum specimens that the flounder was not l)orn with the 
eyes on the same side of the head, but that one eye gradually 
passed from the blind to the colored side. Mr. A. Agassi;? 
has studied the process, and find.s that the transfer of (be ey(^ 
from the blind side to the colored side oeeurs very t‘urly in 



4G0 


ZOOLOGY. 


life, while all the facial bones of the skull are still cartilagi- 
nous, long before they become hard and ossified, when 
tlio flounder {PlaguHia)\^ twenty-five millimetres (one inch) 
long. ^‘Thc transfer of the eye from the right side to the 
left takes i)lace by means of a movement of translation, ac- 
companie.d and suj)])lemented by a movement of rotation 
over the frontal bone.’’ Young flounders, when less than 
two inelu's in lengih, are remarkably active compared with 
tile adults, darling raj)idly through the water after their 
food, wliieh consists principally of larval, surface-swimming 
crustaceans, e((\ (A. Agassiz.) The common flounder from 

ISiova Seotia to Cape Ilatteras is rHcudoplearonecies Anieri- 

C((7ll(S of Cill. 



Fifr. 423. one tenth natural «i/o.-From Tenney's 


Order i'<. fedicnla/L— Thu t.yi'o of tliis order is the gooso- 
fisli. 'J’lie iiiinio was given to the grouj) from llic long 
Blender lionos supporting the pectoral tins. The gill-ojieii^ 
ings are small and placed in axils of the jiectoral fins. Ld- 
p/riuej)iKr<i/oriii.‘i Linn., the goose-fish or angler (Fig. 423), 
has an cnormon.s month, and swallows fishes nearly a.s large 
iis its('lf. 'fhe head and fore-])art of ilte body is very large; 
the skin i.s naked, sctaleless. Its eggs ai’o laid in brosid, 
ribbon-like, thin gelatinous masses, two metn« long aiid 
half a metre wide, which float on the surface of the 
ocean. 

Order 7. Lophoiranehii. —The tuftod-gilled fish— .such the 
name of the order indicates— have a fibro-cartilaginous skelc- 
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ton ; a single opercular bone, while the snout and lower 
jaw are prolonged into a tube, with the mouth at the 
end. The chief peculiarity, however, is the gills, which are 
developed in the form of a row of tufted lobes on each side 
of the branchial arches. The scales are large, forming an- 
gular plates arranged in longitudinal rows (Gill). In Sole- 
nostoma of the Indian Ocean the female carries the eggs in 
a ])oueli formed by the union of the ventral fins with the 
integument of tlie breast. 


The male of the pipe-fish (Sij^ignathus peckianns Stover) 
receives from the female the eggs, and carries them in a 
small pouch uiuler 


his tail, which is 
o[>cn beneath 
tlirongh its wiiole 
length. This sijj- 
gular mode of mas- 
mil i no gestation is 
tstill fjirthcr jKir- 
fccted in the sea- 
horse (Hippoann- 
pifs In/dsonins Dc 
Kay, Fig. 424), 
whi(!h lives off- 
shore from Ca})e 
(V)d to (’ape Hat- 



tenis). The ])ouch 
is situated on the 


Fiff. 424.— Sea horwe, male, 
rron» the hrtxxJ pouch.— AfUfr 


. with the vouiig 
iXHJkwood. 


ftroast. 'I'Jic male, by simjile mechanical ])rcssuro of il,s 
tail, or by rubbing against some fixed object, as a shell, 
forces the fry, to the number of alxiut a tbousam], out of its 
brood-jiouch, the young at this time measuring about twelve 
millimetres (5-0 lines) in length. In the young the lioad is 
at hrst rounded, the snout being short and blunt (Lockwood j. 

Order 8. Pleclognathi. — Thi.s grouji, reiircsented by a few 
singular forms, such a.s the tmnk-flsh, file-fisli, piifrcrs, and 
sun-fish, IS chanu'terized by the union of the boiic.s of the 
upper and esjieeially the lower jaw,s. 'FIk'ic an* few verto- 
brsB, the scales are often modified to form .spiuc.s, and llie 
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ventral fmH arc \isnally absent. Tliey arc inhabitants of warm 
waters. The triink-tish or box-fish, Lactoplirys triyomis 
Poey, is a VVTst Indian fish ; one 8])ecimen has appeared at 
Holmes’ Hole, Mass. The porcupine -fish {Cliilichthys 
turgidtiH (fill) and smooth puffer {Tetrodon lanmyttiiH (fill) 
and tiie spring box-fish {(Jhilomyderus geonieirlcm Kaup) 



Fig. 425.— Sun-fish, Main wtumia, one eighteenth natural aizc.-After Putnam. 


range from Cape (^)d to Florida. The sun-fish {Mala ro- 
tun da (hivicr, Fig. 425) is, like the others of the order, a 
surface -swimmer. It is sometimes a metre or more in 
length, weighing five hundred pounds or more. Allied 
forms are Orthayorisvus ohlonyns (Fig. 426) and the globe- 
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fish, Molacanihtis Pallasii (Fig. 4jJ7), wliich occur iii tlio 
North Atlantic. 



Fi«. 420.— OrOiagtii'iscys oftlorigus, young, natural 
size.— After Hurting. 



Ffg. 4Zi.-~M(ila 

aint/iNs 

iialf ;:;i'()NVii, ntitiiriil 
Hi/.e, — Alter Cut 
uain. 


(3ASS III.— PISCES. 


Aquaiu' Vertehraten mth o movable lower jaw, a eartilaffinoKH or 
osfteofis ftkeletoU; with paired and 'aapaired Jinx xupporled. by Jin rayx ; 
no stermmi ; nxiailly covered with scalex ; In'eathiny by yUlx. Heart 
with a sinyle veidricle and aurielc. Mostly oviparous. 

SiibcUm I. Ela!iniohran.chii.--^'ke\oXon cartilajrinous ; Hknll without 
membrane bones, five to seven pairs of ^ill-nacs and gill- 
ojMnnuga ; no opercular bones; tail hctcroccrcal ; scales 
placoid ; heart with a pulsating aortic bulb ; o]Uic nerves 
forming a chiasma ; intestine with a spiral valve ; lx>tli 
ovi{>arous and vivii»arou8. 

Order 1. PlagioHomi (Selache, Ijamna, Raia). 

Order 2. Holocephali (Cliimaem). 

Subclass II. Oanoidei , — Skeleton cartilaginous or nsRified ; skull with 
plate-like membrane bones; one pair of gill-<>]>eiiings cov 
ered by opercular bones ; skin usually with cycloid or gan-^ 
oid scales ; air-bladder with a pneumatic duct ; embryos or 
young sometimes with external gills ; chiasma of tlu^ o[)ti(‘ 
nerves ; intestine with a spiral valve ; df^velopment, so far 
as known, much as in the sharks, and in some resj>ectH like 
the bony fishes ; the living forms oviparous. 

Order 1. Chondroganoidei (Acipensrjr). 

Order 2. Dipnoi (Ceratodus, lxJi>ido8iren) 
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Order 3. Branchioganoidei (Polypterus). 

Order 4. Ilyoganoklci (Lepidosteus, Amia). 

Subclass III. raeo^^a.--Skeleton bony; skull composed of numerous 
bones ; optic nerves crossing each other ; usually four pairs 
of gills, with several opercular bones ; heart without a cone, 
but with an arterial bulb ; intestine generally without a 
spiral valve ; mostly oviparous. 

Order 1. Opisthomi (Notacanthiis). 

Order 2. Ajx^des (Anguilla). 

Order 3. Nejnatognathi (AminruB). 

Order 4. Sci/pbophori (Mormyrus). 

Order 5. Teleocephali (Salnio, Perea, (ladus). 

Order 0. Pedie,ulatl (Lophius). 

Ordi r 7. Lophobranchii (Hippocampus). 

Order H. Plcctograithi (Totrodon, Mola). 

Ldhorniory Wor/c.— FisheB should usually be dissected, except when 
largo, under the water; small Rpticimons can be pinned down to the 
bottotn of cork- or wax -lined dissecting \)ans, and the more delicate 
juirts worked out with fine scissors and knives. The brain and spinal 
c^rd can be diHsected with ease, providc^d cana l>e taken, witli scalpel 
and scissors, as the Inmes covering them can be cut away by means of 
stout scissors and bone-pliers and fine surgictil saws. Ijongitudinal 
sections will bring out the relations of the brain and beginnings of the 
nerves, and transverse sections of the tail may lx* made to show the 
disposition of the muscles. The skeleton may be prepared whole by 
removing the flesh carefully from alcoholic or })artly macerated speci- 
mens. Disarticulated skeletons for study can be made by parboiling 
the fish and then separating the bones from the flesh. To study the 
circulation, careful injections should be made by the use of an inject- 
ing syringe, with wax, plaster of Paris, or vermilion as the injecting 
medium. 


Class IV.— Batr.yoiiia {Salamanders, Toads, and Frogs). 

Q^neral Characters of Batrachians. — We have had an- 
ticipations of the Batrachians or in the Ganoids, 

esi^ecially the Dipnoan fishes, which it will be remembered 
apjiroach the meml)ers of the present class in the lung-like 
nature of the air-bladder and in the presence of external 
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gills in the young, as well as in the form of the skull, there 
being many bony parts in the skull which resemble similiir 
parts in Bafrachla. Indeed so close in some characters is tlie 
approximation of the fishes to the Batrachians, that the two 
classes have been placed in a series called IchtJiyopsida, The 
Batrachians, however, differ essentially from the fishes in hav- 
ing the bones of the skull few, directly comparable with 
those of reptiles, birds, and mammals, and in being jointi'd 
to the V(;rtebral coluinn by two articular surfaces calk‘d con- 
ihfleSy the first vertebra, or atlas, having two corresponding 
articulating hollows. The limbs have the same number of 
subdivisions, with distinct leverage systems, as the higher 
Vertebrates, the bones composing them being closely homol- 
ogous. True ribs now a])pear. Some have persistent exter- 
nal gills, and all have well-developed lungs. So that for tluj 
first time we have the coexistence of true limbs and lungs 
in animals which are air-breathing and mov(*. about fr(‘ely on 
land, though from ]>assing a part of llieir adult life in or 
about fresh water they are said to be ampliibious. Tln^ skin 
is usually scaleless. Tlie tdrculation is inc()ni])let(‘Iy double, 
then! being sometimes two aurifdes. Idkc! lish(!s, llnw ar(! 
(!old-bloodcd. Id I oy are moslly oviparous, a few an* vivipa- 
rous, and neaidy all undergo a metamor]>hosis. 

To enter more into detail : The vertebrju of Batrachians 
are in the living Piudetis and allies, and in tlu‘ blind-woriiis 
(Apoefa) biconcave ; in the salamanders and in the Surinam 
toad (Pipa) and Ponihindiirr they arc! conclave? behind, but 
in tlie toads and frogs generally tln^y are for the most part 
concave in frout, but vary in different jrnrts of tlu! s])inal 
column, some of the same individuals being biconvex and 
others biconcave. While the vertebra? are nunuTous in the 
tailed forms, in the tailless toads and frogs there aie l)ut 
eleven, two in the coccyx, one in the sacrum, the remaining 
eight forming the rest of the column. In the frog, when 
the taildisapfiears, a long, s])ine-like jnece (Fig. 428, called 
the nroslyle is developed from the rudiments of hns' verte- 
brae. In the extinct Archegosaurun the bodies of the vcjrte- 
brae arc but little ossified ; in Trhnerorhachis they are rep- 
resented by the bony rings of three segments, while in allied 
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Labyrinthodonts such as Rhiachitomus, the vertebras are 
ossified, but the centra consist of three pieces. In Cricotus 
there are two kinds of bodies, centra and intercentra. The 
ribs are rudimentary, except in the blind-worms {Cmcilia). 

Tlie skull is usually broad and flattened ; it differs from 
that of fishes in having no bones representing the operculum, 
8ubo])erculum, interoi)erculum, or branchiostegal bones ; but 
a mernljrane bone probably homologous with the preopercu- 
Inm is said to exist. Tlie maxillary are usually and the pre- 
maxillary bones always })resent, usually armed witli teeth ; no 
Batracjhian ]>ossesses a complete basioccipital, supraocci- 

pital, basisplieiioid, ali- 
sjdienoid, or presjhe- 
noid (uirtilage b one; 
while ‘‘ the frog’s skull 
is characterized by the 
development of a very 
singular cartilage bone, 
called by Cuvier the e.s'- 
en ceinturey* or girdle- 
bone.*’ (Huxley.) 

The embryonic carti- 
lage persists in the low- 
er jaw in adult Batra- 
chians as in fishes, and 



Fig. 428, —Skeleton of a Frog, a, skull ; b, 
vertebnr ; r, sacrum, and c, its continuation 
(uro>4tyle); /, suprascapula ; f/, humerus ; /<, fore- 
arm bones'; i, wrint bones (cjirpals and meta- 
earpals) ; rf, ilium ; ?n, thigh (lemur) ; w, leg 
hone (ulna) : o, elongated first pair of ankle- 
bones (tarsals) ; q, foot bones or phalanges. 
—After Owen. 


bony parts are developed 
in C(miicction with it 
whicli essentially corre- 
spond to those of fishes. 
(Gegenbaur.) 


The susponsorium is immovably joined to the skull, and 


with it is connected the hyoideau arch. The bmnehial 
arches in the tailed forms persist in varying numbers, i. (?., 
from two to four, but are dropped in the toads and frogs. The 
skulls of certain Labyrinthodonts are roofed in by broiul, 
flat bones, so that they bear a strong resemblance to certain 


Ganoids represented by the garpike, while Gegenbaur states 
that there are many bony parts in the skull of the Batrar 
chians which i-esemble those in the Dipnoan fishes. The ex- 
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tinci Arehegosaurits liad in its larval life braneliial arches, 
and in fact so close arc the affinities of some Amphibians to 
the (iaiioids that it is ]>robable that both types have hud a com- 
mon origin ; while on the other luiud the bones of certain 
extinct scaly Labyrinthodonts have been regarded by some 
authors as reptiles ; for example, the (;arlH)niferous Manlodon- 
mnru^ was described as a re])lile, but lias been referred to 
the Amphibians by modern writers. 

The sternum or breast-bone (Fig. 421), s) first appears in 
the Batrachians. The shoulder-girdle is in groat [lart carti- 
laginous. In the toads and 

frogs (A aura) the fore limlis, (S® 

the radius, and ulna, and in ^ ^ 

the hind limbs the tibia and 

fibula, grow together ; there 

are four toes in the fore feet, ^ 

and live toes in the hind f(H‘t. 

In the hiTCH the hind legs are Fi«;. 42 (i.— stemum and Bhouldt^r-^^irdio 

wnifincr • flio Oiana fempomf'ia). p, h<»dy of 

>\«inrjng , in me longo snaivt s t,iu.s(criniiM;«r,(»<’itj>uiu;>.r''',HU|)ni'Hcap- 

l AinnliruttnA ilu* limbs art* i'la,/Y;.c(>nir())d-bi)i»c.ruHO(ljntlu!mi<l- 

ciiluT two 01- thivc-tocd. -iilcfiO: clavkl,. ■ t opkknium The 

c.vtrctiU' hli«<l(*u double portion below p 

The te(‘th of modern Ba- xijilnHtemum, The a»rtilai,dnoUH 

• 111 pariH ttru hhaded.— AUiii' OtJi^'eiibaur. 

traehiaiis are ('oinenl or lohate, 

and microscojiieally are* simjde, while those of the extinct 
forms are mostly complicated hy tJie labyrinthine infohling 
of the walls, as seen in microscojiic seet.ious ; the b^oth of 
many Ganoids have a similar, though much simpler struc- 
ture. They are usually of the same size, and may be ar- 
ranged on iirojecting ])orti(ms of diflerent bones of the mouth, 
i.(\, the ])remnxillary, maxillary, mandibular, vomerine, pal- 
atine, and jiterygoid bones, as in fishes. In iadjioles and 
in nirm the jaw-bones are encasidl in horny lieaks like* those 
of turtles and birds. In many Labyrinthodonts two tusks 
were developed on the palate. The nuvsal canal is much as 


in the Dipnoan fish, the internal opening being silnat(‘d in 
the Perennihranchiates just within tlie soft margin of the 
mouth. In the salamanders and frogs it is bordered with 
firmer parts of the jaw. The labyrinth of the ear is large, 
and the tympanum or drum of the ear is external, Am- 




Fig, 480.— or larval Salamander, 
elicnvingtlie gilln, huart (//), aortic brunches 
and laiigH tP.4). J\ pulmonary arteries ; 
ftjj, jmlmonary veins ; A, bnlbus arterio.sus 
from which th<’ vascular arches (/>’) origi- 
nate ; 6ft, branchial vein ; the lower ,^4, vena 
cava ; T', descending aorta. — From Gervais 
ct Van Beneden. 


fjshcs, there lire no salivary 
ghinds. The gills of Am- 
phibians consist of two or 
three pairs of branched, 
ileshy a])pendages^ wliicli 
grow out from as many 
arches. While in the toad 
and frog the gills are small 
and remain hut for a short 
time, in the larval salajnan- 
ders, os 2 >eeia]ly the axolotl 
(Fig. 430), the gills arc still 
longer retained, Avhile in 
the mnd-imppy (JVcc/?/r'as) 
they ])ersist throughout life. 

The digestive canal is us- 
ually sim))le, straight, Uiere 
being no enlargement form- 
ing a stomach ; in other 
s]>ecios, both tailless and 
tailed, the canal dilates into 
a stomach, which in the 
toad lies across the body- 
cavity. In tadpoles, whicli 
live on decaying vegetable 
matter, the digestive tract 
is very long and closely coil- 
ed (Fig. 431). 


The lungs are long, slender sacs, much like those of the 


Di 2 )noan Lepidosiren, which extend backwards into the ab- 
domen, as in the lizards and snakes, no diaphragm existing 
to confine them in a thoracic cavity. The larynx exists in 
a very rudimentary state, though the vocal powers of the 
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toads and frogs are so highly developed. The trachea is 
sliort. 

The lieart has two auricles, tlie right one the larger, jind a 
single ventricle ; but in Proteus the auricles connect with 
each other, and in the salamanders there is a hole in the }>ar- 
tition separating the auricles. There are also indications of 


A 



Fij;. 431.— Month nnd dipcRtive 
canal of a Tadpole. A, mouth ; b, 
intestine coiled on itself ; c, liver ; 
fi, hepatic duct ; e, imncrcas ; /, 
rudimentary hind le|j:s ; {/, rectum. 
—After Gervais and Van Btmeden. 

a partition in the ventricle. Fig. 

represents the circulatory or- 
gans of a tadpole, after tht^ gills 
have become absorbed, and before 
the aortic arches are reduced in 
number. 

The nervous system is much 
as in reptiles ; but the optic lobes 
are rather small ; the cerebrum i 



Fi^j. 435i.— Tadpole of a Fropj. 1, 
vena cava ; 2, left auricle; 3, pul- 
monary vein and itn origin in t}»<‘ 
two lun^H ; 4, left auricle; 5, V(‘n- 
triclc ; ti, arterial bulb ; 7, l)ranchi'tl 
artery and iU internal brancbcH; 8, 
branchial veins ; 9, aorta ; 10, pul- 
monary artery and its Hithdivisfons 
in the lungs.— After Gervais and Van 
Beiieden, 

! small. The kidneys are 


in many respects like those of fishes, especially sharks, as 
is the internal reproductive system. The ovaries are greatly 
enlarged during the breeding season. The Rj>erm is usually 
passed to the kidney, and thence througli the ureters out of 
the cloaca. The oviducts and ureters have a common outlet 
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into the cloaca. In the Balanianciers the end of the oviduct 
serves as a uterus. There are also fat-bodies (Fig, 433) at- 
tached to the anterior end of the reproductive glands of the 
toads and frogs, the use of which is unknown. For a gene- 
ral idea of the structure of Amphibians the student should 
dissect a frog or toiid in connection with the following de- 
8eri])t,ion and accompanying illustration (Fig. 433), prepared 
by ])r. V. S. Minot. 

The frog is one of the types of Vertebrates most valuable 
to the student, being readily obtained and easily dissected. 
The accom]>anying figure represents the anatomy of the 
spotted or leopard frog, Kuna haUeinn, male. 

The skin is smooth, having neither scales, feathers, nor 
hairs, and contains numerous microscopic glands, of which 
there are said to be two kinds — one having an acid, the other 
an alkaline secretion (L. Hermann). It is pigmented on 
the dorsal surface, but whitish underneath. The head is 
broad, triangular, with two large nasal openings in front, 
largo and prominent eyes, two tymi)anic membranes formed 
by a j)art of the integument stretched across a hard ring, 
and an enormous mouth. The neck is short and not con- 
stricted. The body tapers slightly posteriorly, and has the 
opening of the cloaca upon the posterior end of its back. 
Each liml) consists of the three divisions : in the front leg, 
hrarhium^ antebraclthim, and vianus with four digits, of 
which the fourtli is very much thickened in the male ; the 
sexes may ])e distinguished by this mark. In the hind leg 
the three divisions are the femur, C7'us, and pes, with five 
long digits, between which the membranous web is stretched. 
If the web is examined in a living frog wdth a microscope, 
the circulation of the blood in the capillaries can he studied. 
The current of corpuscles and plasma is constant, and in a 
given vessel passes only in one direction ; by following the 
stream backwards and forwards it will be found to issue 
from larger vessels, the arteries, and to enter into other and 
different vessels, the veins. The pigment corpuscles can 
also be seen in the web ; they are branching bodies, capable 
of drawing in or expanding their processes, and they can be 
made to contract by an electrical shock from an induction 
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Slit open the skin along the median ventral line the 
whole length of the animal, turn the skin back, and then 
cut through the muscular walls of the abdomen, being care- 
ful not to injuie the underlying organs. The viscera will 
then be exposed : tlie coiled intestine, the large liver, and in 
the female the sexual organs at either side ; linaily, pos- 
teriorly, the thin-walled bladder, B. The next step is to 
seize the posterior end of the sternum with a pair of for- 
ceps, lift it up, cut the libres wliieh run from its under sur- 
face, and cut 'vvitli a pair of strong scissors along bolh sides 
of the sternum and around its anterior end, so as to remove 
it entirely. Underneath the sternum lies a thin-walled bag, 
the pericardium, enclosing tlie heart. On cither side are 
the lungs. 

To complete the jireparation dissect out the intestine, by 
cutting through the mesentery ; follow it to the stomach, 
which must be separated from the (csojiliagus and drawn 
aside together with the intestine, while tlic liver must be 
turned over to the right of the animal. The pericardium 
must ])Ci cut through and removed without injury to the 
lieart ; finally, the skin must be removed from the hind 
legs. If the dissection is of a male, it will then appear very 
much as in the figure. 

The heart is conical in shape ; its apex points backwards, 
and is formed by a single chamber, the ventricle, with thick 
muscular walls, from which Bjirings on the ventral surface a 
little to the right the truncus arterioms (Ao), whi(di runs 
forward and divides into the two aortic arches. The base of 
the licart contains two chambers, the right and left auricles, 
tlie separation of which is not marked externally. A large 
vein ( V) ])asses from the liver to the back of the heart, and 
there empties into a thin-w^allcd sac, the shius venos'7iff, 
which also receives on cither side a vein from above, the 
vefiof rarce superiores. The vein from the liver receives also 
the genital and renal veins, and is then called the vena cava 
inferior. As the lieart continues to beat for many lionrs 
after a frog has been killed, if a fresh sjiecimon is taken for 
dissection the rythinically alternating dilatations and con- 
tractions may be olxserved. The order of conti’uction is, 
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1st, the sinus venosus ; 2d, both auricles ; 3d, the ventricle ; 
4th, the tr uncus. 

In front of and below the heart may be seen the trachea, 
easily recognized by the hard rings of cartilage, and having 
the larynx just in front of the aortic arches and giving off 
two branches })osteriorly, the bronchi, which run directly to 
the lungs. Tlie tracliea overlies the (csopliagus, which ter- 
minates in the stomach (xS'/). On either side of the tracliea 
lies a thyroid gland (iLi). 

The liver {Li) is a large brown mass, composed of two 
lobes, of which the left is the larger, and subdivided into 
two. lietween the two lobes lies a small greonisli sac, the 
gall-bladder (h). The liver receives a larg (3 vein ( /re) from 
the kidneys ; this is the })ortal vein, wliich distributes to the 
liver the blood wliich has already once passed through tlie 
capillaries of the otlier abdominal visiicra. The hepatic vein 
takes tJie blood from the liver directly to the heai’t. 

The stomach (^SY), when in siiu^ lies on the left side of the 
abdominal cavity, its (esophageal end being the largest ; it 
leads directly into the intestine, which is of uniform width 
throughout, but terminates in the dilated rectum (7?), which 
in its turn opens into the cloaca. To the ventral surface of 
the cloaca is appended the bladder (B). Imbedded in the 
mesentery near the commencement of the intestine is a pale 
compact mass, the pancreas, not represented in the figure, 
and a little faidher from the stomach a small round dark 
body, the spleen (^S^). 

The kidneys {Ki) are two elongated deep red bodies, upon 
which lie a number of yellow spots, the adrenal glands. 
The renal ducts arise from the outer and anterior portion of 
the kidneys and then run backwards as two white convoluted 
canals {vd), at first very narrow, then widening, an<l end- 
ing with a dilatation immediately before they open into the 
cloaca. These ducts serve at once as iirefdrs and vasa defer- 
enfia. In front of the kidneys lie a pair of oval yellow 
bodies, the testes (Te). The female has both ureter and 
oviduct. The ovary varies greatly in size and appearance 
according to its condition. The oviduct is a very long con- 
voluted tube running from the pericardium backwards to 
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the cloaca, where it opens just in front of tlie ureler. At 
the season of reproilnction the oviduct is found very inncli 
distended with ova. Its anterior end has a (aliated 0 })enin^ 
into the body-cavity. In tlio neighborhood of ilie sexual 
glands lies tlu^ fat-body ( /‘). 

Tlie lungs (///) are two large sacs with vauy elastic walls, 
richly su])pli(*d with blood-vessels. These vessels spring 
from the ]uilnionary artery. IVom each division of the 
frunru.^ arkrioHUH are given off four braimhes (Kig. 13)1, II). 
The first is the j)uluionarv aorla (/V), which also giv(‘S o(T 
a large cutaneous branch ; the second, the true aort ic arch 
(Ao), whicdi, curving backwards, unites with its fellow just, 
in front of the kidneys and bcdovv tlie spinal column, to form 
the descending aorta ; the third (cr), the (*arotid artery, run- 
ning to the lu'ad, aiid bearingatits origin the singular caro- 
tid gland (n/) ; tfie fourth, tlie lingual artery, ddu; blood 
is returned from the lungs by two veins, wliieh empty into 
the left auricle. 

Tlie spa(?e of the lower jaw is covered ovct by a thin t rans- 
verse muscle (d/y), the mylohyoid. On eithc'r side* behind 
the posterior edge of this imisc.'lc* li(‘s a croaking hag oi‘ air- 
sac (F). In the mouth are to he observe<l, Ist,, the mus- 
cular tongue, attached by its anterior cmkI to the lowc-r jaw, 
and forked posteriorly ; 2d, tlie o})enings of ilic* nasal cavi- 
ties ; 3d, the rceessK.'^ Ensldrli i i , lying furtlua* back, and 
leading into the tympanic cavity ; 4th, the opening of the 
oesophagus ; and oth, the slit-like epiglottis. 

The muscles are best dissected in alcaiholio spectirnens. 
The muscles of the liind limbs are as follows : On the ven- 
tral surface, the cut endvS of tlu^ recti abdoiaink (r.ah.)'^ 
OH the ventral mrfare, 1, of the tliigh, outwardly 'tna>>eiila>i 
vastus inter HUS [nivi), the adductor long us {a), the sar- 
torius {ms), addiictor magnus {a"), rectus internus minor 
(rC) ; the rectus internus major {rij ; a small })art of tlie 
adductor hrevis can be seen close to the puliis between t lie 
adductor magnus and the rectus internus major ; undcrncalii 
the rectus internus major lies the long and the senutendino- 
sus with two heads ; 2, of the leg (crus) gastrocnemius {g), 
and between that muscle and the bone the tibialis posticus ; 
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in front is the tibialis anficus {ta). On the dorsal surface 
of the thigh (Fig. 433, III) the glutmus {gl), Uie pijriformis 
{p), the rectus anficus femorus {ra)^ the vastus ext emus 
the biceps {b), tiie setniineinbranosus {sm), lying deep 
between tlie biee|:)s and scniini(‘mbmiiosus are s(^eii the 
femoral vessels and sciatic nerve ; the rectus anticus, vastus 
internus and externus are known collectively as the triceps 
femoris ; in the \cgW\c gastrocnemius {g) and perumeus {p). 

The sympathetic nerves ca,n ho seen as two cords, one on 
either side of tlie vertebral (column. The spinal nerves can 
be seen as wliito threads on the dorsal siirfaco of the body- 
cavity. The brain (Fig. 373) may b(^ dissected oid. by open- 
ing the skull from above. Tlie o]fa(‘lory lobes of frogs and 
toads are fused together, but se])arate in the biiled Ilatracdiia. 
The seventh, eighth, and ninth spinal nerves unite to 
form the very large sciatic trunk ; the intercommunications 
of these nerves form the lumbar plexus ; w]iiJ(‘ the second 
and third sjiinal nerves form tlie liraehial })Joxus from which 
arises the liraeliial nerve. ((^ S. Minot.) 

Certain glands in the skin of some Ihitrachians see, rote a 
corrosive, eras in the Eurojican Salauia ndra naiculosuy a nar- 
cotic ])oison, whicli is poisonous to small {inimals. The 
toads secrete in the parotid glands a liad-snn^lling fluid, 
which applied to tender skins produces oryHipelas. Latairda 
states that the poison of tlie Ihxizilian Bufo icier icus is a 
milky humor from the glands on the Hid(^s of the neck. The 
action of the poison is less fatal to small animals than that 
of the European toad ; it gives a sliglit acid reaction and is 
not soluble in alcohol, while that of the Euro})ean toad is. 

Like fishes, the Batrachians assume higli colors during 
the breeding season. The males of the newts at this time 


Fig, 433.— Anatomy of common Frog. Jf//, mylohyoid ; Mtornoraflials ; U., 
thyroid ; Jungs ; /, fat-body ; TV. tesfis ; SC stomach j Sp, spleen ; /C rectum ; 
a, adductor loiigtis*; mri, vaHtus internns; m^, sartorms; rV, rectus jnternus 
major; ta, tibialis onticus ; ff, gastrocnemius; ri", rectus internus minor; atl- 
doctor magnus ; rad, rectus abdomlnalis : A blaflder ; pU, va« thdcrcus ; d, gall- 
bladder; Al, kidney j jw, portal vein ; £i, liver ; V, vena cava iTiferior ; Ao, aorta ; 
S, vocal sac, or croaking-bag. 

11. Origin of the art.eiial trunks. I, urteria ingualis : eg, carotid gland, which ia 
merely a rete miradUe ; cr, carotid artery ; Ao. aortic arch; Pc, pulmonary artery. 

in. Dorsal view of muscles of hind leg. gl, glutams ; ra, rectuB arderior ; p, pyn- 
formis; ve, vastus externus; semi-membranosus ; d, biceps ; g, gastrw.neralus ; 
per, perou«eus.— -Drawn by C. S, Minot. 
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acquire the dorsal crest and a broader tail-fin, while in some 
species prehensile claws are temporarily developed on the fore 
legs of the male. The males of the Anura (toads and frogs) 
aremuHical, iho femahes being comparatively silent : the vocal 
organs of the male jire rnort^ develop(‘d than in the females, and 
in tlie edible frog {liana cscHlPHta) large sacs for producing 
a greater volume of sound standout on each side of the head 
of th(? rnah's. Among the few viviparous liatrachians known 
is an A]])ino Kuro[)ean Sahinaoidra {S. aim) which brings 
forth its young alive. 

It is common to find tadpoles in the winter in ]>onds, 
wliich have been retarded in their inctamor])hosis, and by 
artitieial means this retardation may he greatly increased. 
For e.vam])le, Wyrnan is said to have kept- tadpoles of the 
hull-frog for s('V('n y(‘ars in a ei‘llar. 

UnJikt^ llic liiglier \'erfebral.(‘S the segmentation of tlie egg 
in the Amphibia is total, the procH'ss beginning usually about 
three lioiirs after imprcgriatiou in tin* frog, and lasting twen- 
ty-four hours. '^riie ]»rimitive streak, the notochord and 
]iervous system then arise as in otlnu’ craniated Vertebrates. 
After the appearance of the branchial arches, the gills begin 
to bud ont from them, finally forming the larger gills of the 
tad})ole. Unlike young fishes, the yolly is entirely absorbed 
])ofore the tadjxdo leaves the egg. Jn warm climates the 
tad]>oles Imtch in four or five days after the eggs arc laid, 
Wlien liatehed the tadpole is not so well developed as in most 
young fishes. The digestive canal at first is simple and 
straight. Afterwards it becomes remarkably long and coiled 
in a close spiral. The mouth is small (Fig. 434, /I), with no 
tongue and only horny toothless jaws. The vertebra; of the 
tadpole are biconcave as in fishes, afterwards becoming con- 
verted into cup-and-ball joints. 

Tlie aeeompanyiug figures represent the external changes 
of the toad from tlie time it is hatched until the form of the 
adult is attained. The tadpoles of onr American toad are 
smaller and blacker in all stages of growth than those of the 
frog. The tadpole is at first without any limbs (Fig. 434 A), 
and with two pairs of gills ; soon the hinder legs bud out. 
After this stage (^) isreached, the body begins to diminish in 
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size. The next important change is the growth of the front 
legs and the partial disappearance of the tail {0), while very 
small toads (/> and A’), during midsummer, may be found on 
the edges of tliej>ools in whieli some of the nearly tailless tad- 
poles may be seen swimming about. It is three years Indore 
the Amj)hihia are eapal)le of lu’ceding. Jii the newts {Tri- 
ton) the gills are in three pairs, larger and more eom]>lex 
than in' tile frog; the fon* limbs are (lie first to grow out, 
and the gills })ersist long after the hind limbs arc devedoped. 
Ill the newts we have the larval slate of tlu‘ toads and frogs 
])ersisteni ; thus the successive steps in the develo]>ment of 
the individual frog is an e})itonie of the evolution of the 
ty]heal forms of the class to which it belongs. 



Pig. 434.— MeUiinorphoHiH of the Toad.— Ailer Owen ; from Tenney’H Zooh)gy. 


In certain Batraehians as the Alpine salamander, the Su- 
rinam toad {Pipa) and the HylodeH of (Tiiadaloupe in the 
West Indies, the raetamorjdiosis is HU[)])r(!ssed, dtivelojiinent 
being direct; though the young have gills, they do not- It'ad 
an tiquatie life. In the axolotl there is a premature devel- 
opment of the reproductive organs, the larvm as well as the 
adults laying fertile eggs. 

The Batraehians are inhabitants of the warmer and tem- 
]>6rate zones. Frogs extend into the arctic circle. The 
Ambli/sfoma mavortimn ])rceds at an altitude of about 8000 
feet in the Rocky Mountains. Rmia He/plentrlonalir Baird 
extends to Okak, Northern Labrador, where the climate is as 
extreme as that of Southern Greenland ; frogs have also been 
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observed at the Yukon Rfver in ]at. 60° but the climate 
there is milder than tliat of Labrador. Tiie common toad 
and a salamander {Plcthodon ghdinosa Baird .^) extend to 
Southern Labi’ador. 

Nearly 700 species of existing Batraehians are known, 101 
of whi(‘h are North American, and about 100 fossil forms 
have b(;en described. 

Yh('re are five orders of Batraehians, Professor Copers 
elassi (legation bcrnig adopted in this work, d'hose Batracliians 
with ]H*rsistent gills are sometimes called PcroDuhrancliintes. 

Order 1. Tniclijfsfomnta. — I'he sirens have a long eel-like 
body, witli ])ersistent gills ; there is no pelvis or hind limbs, 
and tlic weak, small fore legs are four or three-toed. The 
great siren, Siren laeerfitm Linn., is sometimes a metre in 
length, and has four toes in the fore leg ; it lives in swam})S 
and bayous from Nortli Carolina and Southern Illinois to 
the (lulf of Mexico. A small siren with three toes and 
small gills is /\'<eNd(dj ranch us strudus Lo Conte. It occurs 
in Georgia. 

Order Proieida . — This group is represented by the 
Proleus of Austrian caves and the mud-pu])py [Nccturus) 
of the United Slates. 'Jdiese Batraehians have bushy gills, 
witli gill-openings and well-develo})ed teeth. In J^rofeus, 
which is blind, there are three toes in the fore feet and two 
in the hinder pair. In the mud-puppy, Xeciuj'us (formerly 
Menobranchus) lateraJis Baird, each foot is four-toed. The 
head and body are broad and flat, brown with darker spots. 
It has small eyes and is about half a metre (from 8 inches to 
3 feet) in length. It inhabits the Mississippi Valley, extend- 
ing eastward into the lakes of Central New York. The 
Proteus us well as the mud-puppy lay eggs. 

Order 3. Urodela . — The tailed Batraehians or Salaman- 
ders rarely have persistent gills, these organs being larval or 
transitory ; the body is still long and fish-like, the tail some- 
times with a caudal fin-like expansion as in the newts, but is 
usually rounded, and the four legs are always present. With 
only one or two viviparous exceptions, most of them lay eggs 
in the water. The eggs of Triton arc laid singly on sub- 
merged leaves ; those of Notophthalmus viridescens are laid 
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singly on leaTGs of Myriophyllum, which adhere to the glu. 
tinous egg, concealing It. (Cope.) Those of Demoynafhm 
are laid connected by a. tluead both on land and in water. 
The eorntnon land salamander, or l^lvthodoi} riiiffirimofuni 
Baird, lays its eggs in summer in ])acketK und{T damp 
stones, leaves, etc. : the young ar(^ Ijorn with gills, as is the 
ease with (he vivi])arous S<(IamaN(lr(( afra of the Al])8. I’he 
possession of gills by land salamanders, which have no use 
for them, and which conse(jU(*nlly drop olT in a few da vs, 
leads us justly to i lifer that flu* land salamanders are the de- 
scendants of those whieli liad a<|uatic larva\ 

Tlie lowest form of this order is tlie arpialic (!ongo-snako 
or AmpMuma nmuis Linn., in whieli i1h‘ body is large, very 
long, round and slender, witb small rudimtaiiary two-loed 
limbs ; there are no gills, though spirac^les survive. It, lives 
in swamps and sluggish streams of the SoutluTu Stati's. 

A step higher in th(‘ ITrodelous .sealers the Mrnopon/((, which 
is still aquatic, with ])ersistcnt gills, but ih(> body and feet 
are as in the trin* salamanders, 'riie Menujunna AUrffhnni^ 
ense Harlan, calhal tint ludlbmder or big wat(*r lizard, ivS 
about half a mt‘tre (l|-*ifeet) in huigth, and inhabits the 
Mississippi Valley. Allied to the .Am[)hium:i is ilm gigantic 
Japanese stilamander, Crifpfnhranrhn.,^ Japonic ns V'an der 
Hoeven, which is a metre in length. Allies! in size to this 
form was the great fossil salanian<ler of (Ih; CeiTiian T(U'( iary 
formation, Andrias Schcarhzc.ri, tlu‘ fmmo dilavli test in of 
Scheiichzer, thought by this author to be a fossil man. 

In the true salamanders the body is still tailed, t lie eyes arc 
rather large ; there are no spiracles ; they breatlie exclusively 
by their lungs, except what respiration is carriinl on by the 
skin. 

The genus comprises our largest salamanders ; 

they are terrestrial when adult, living in darnj) places and 
feeding on insects. The larva) retain their gills to a ])criod 
when they are as large or even larger than tlie ])arent. '['he 
most interesting of all the salamanders is i\m Ambhj stoma 
mavortiMm, whose larva is called the axolotl, and was origi- 
nally described jis a perenni1)ranchiatc amphibian under the 
name of Siredon lichenoides Baird. This larva is larger than 
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the adult, terrestrial form, sometimes being about a third of 
a metre (12 inches) in length, tlie adult being twenty centim- 
etres (8 inches) long, forming an example of what occurs 
in the Amphibians and also certain insects, of the excess in 
size and bulk of the larva over the more condensed adult 
form. This law is also strikingly observed in the Pscndes 
(Fig. 437). This fact of prematuritive, accelerated, vegetative 
development of (he larva over the adult is an epitome of what 
has lui{»pened in the life of this and other classes of animals. 

The fossil, earliest 
representatives of the 
Am])hil)ians, as we 
shall see farther on, 
wcu’c enormous, mon- 
s(rous, larval, prem- 
ature forms com- 

. 'Tit*.— Sin don or l.'o-val Sfiljimaiulcr. — From ^ 

Tcuncv'KZooioRv. stauidaiits. The same 

law holds good in certain groups of (haistacca (trilobites), 
insects, fislu's, rcptik'S and mammals. 



The axolot l or siredon abounds in the lakes of the llocky 
Mountain plateau from Montana to Mexico, from an altitude 
of 4000 to 8000 or OOOO feet ; the Mexican axolotl being of 
a ditferent s|)ecies, though closely allied to that of Colonido, 
Utah and Wyoming. The Mexicans use the animal as food. 
Late in the summer the siredons at Como Lake, Wyoming, 
where we have observed them, transform in large numbers 
into the adult stage, leaving the water and hiding under 
sticks, etc., on land. Still larger numbers remain in the 
lake, ami breed there, as I liave received the eggs from Mr. 
William Ckirlin, of Como. Thousands of the fully-grown 
siredons are washed ashore in the spring when the ice melts. 
Tliey do not appear at the surface of the lake until the last 
of June, and disappear out of sight early in September* 
The eggs are laid in masses, and are 2 millimetres in diameter. 
Mr. F. F. Hubbell lias obserNcd in Como Lake, July 23d, 
young siredons four to six centimetres (1^-24 inches) in 
length, and September 3d specimens eight centimetres (3 
inches) long. In Utah, Mr. J, L. Barfoot raised in 1875 
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Bovcral adults from the larva, and I have been told that siro- 
dons in tlie mountains among tlie miners* caTn})s near Salt 
Lake City leave the water and transform. It thus appears 
that in the elevated }ilate.aus’** asAvell as at the sea-eoast, some 
siredons transform while others do not. Mexic aJi siredons 
have for a numher of years been bivd from (‘ggs in tlie 
aquaria of Europe, laying eggs the second year. 

The change from tlie larva to the adult consists, as wo have? 
observed, in the absorption of the gills, which disapjiear in 
about four days ; meanwhile tlie tail-fins bi'gin to be absorbed, 
the costal groovivs iH'come marked, the head grows smaller, 
the eyes larger, mor(‘ ])ro1ub(‘rant, and tlu‘ third day after 
the gills liegin to be absorbed tlu‘ creatun^ becom(‘s dark, 
spotted, and very active' and n'stless, leaving the wider. Their 
metamorjihosis may be gn^atly retarded and ])ossibly wholly 
checked by keeping tlumi in deep watia*. The internal 
cdianges in the boiu's of lh(‘ lu'ad and in the tetdh are V(*ry 
marked, according to Diinnadl. 

Exqierinients jnade in Europe show that tin* legs and tail 
of the axolotl, as of other larval salainamhu's, may be nqiro- 
(bleed. ^Ve cut olT a ](‘g of an ax<dot l tlu^ lirstof Novmnber ; 
it was fully nqinaliKuMl, tbotigli of smalh'r si/a^ tiuin the 
others, a month later. The tail, according to Mr. L. A. 
Ij(*e, if partly removed, will grow out again as ]K'rfeci as ever, 
verte))rtn and all. 

The Tritons or water-newts, rejtresenbul by our common, 
pretty spotted newt, Dinnyctiflm virulvnren.^ Ihdiiu'sque, are 
also known in Enrojte to become sexually matun^ in the larval 
state when tlie gills are still present, as lias b(*en observcnl liy 
three diflcrcnt naturalists. The female larva of Lusso/ritoii 
punctatus has been known to lay eggs. 

Order 4. Gymiiophiona . — The blind snake with its several 
allies is the representative of this small but interesting order. 

* It has been stated by Do Saussure, Cope, Marsh , and more recenjUy 
by VVeismann, that the siredon does not chany-e in its native eJevated 
home. No naturalist has seen the Mexican siredon transform into a,n 
Amblystoma, but as it does so in abundance in Wyoming and Utah, 

it probably transforms in Mejticf). (The adult Mexican form has recent- 
ly l)oeii found, and is at the Bmith.sonian Institution.) 
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The body is snake-like, being long and cylindrical ; there 
are no feet and no tail, tho vent being situated at the blunt 
end of the body. 1'he skin is smooth externally, with scales 
embedded in it, l)ut with scale-like transverse wrinkles. The 
eyes are minute, covered by the skin. The s})ecies inhabit 
the tro})ics of South America, Java, Ceylon, and live like 
earthworms in holes in the damp earth, feeding on insect 
larva\ They are large, growing several feet in length. 
CkeriUa htinbrieoidrs Daudiu inliabits South America. Cm- 
cilia comprrssiranda of Surinam is viviparous, the young 
being ))orn in water and ])ossessing external gills which are 
leaf-sluiped sacs resting against the sides of the body ; when 
tlic animal leaves t he water tluw are absorbed, leaving a scar. 
(Peters.) SipJmnojis Mcxicana Dumeril and Bil)ron, is a 
Mexican form. 

Order 5. Sfcf/ocejdutla. — lien* belong an order of extinct 
Batrachians, with thrcM* suborders, Lahijri ntliodontin, Gano- 
cephala, and Microsauria ((^>pe). In these forms the skulls 
were either somewluit like those of tlie frogs, or the crania 
wore roofed in by solid flat bones, similar to those of ganoid 
fislies. The veiiebrie wen^ biconcave. Tbe limbs of the 
Labyrinthodoiits were like those of tlie tailed Batrachians, of 
small size and weak, coin})ared with the gi’eat size of the 
body. Von ^leycu’ stat(‘s that Archefjosaurns possessed 
branchial arelu's wlum young, and that probably other Laby- 
rinthodonts resembled it in this respecT. It had ])addle8 
instead of feet, the head had an armor of plates, and the 
body was covered witli overlapping ganoid scales. It had 
teicth like those of ganoid fishes ; it had a notochord, the 
bodies of the vertebrte being neither bony nor cartilaginous. 
Owen regards it as combining the characters of the perenni- 
branchiate Amphibians and the Ganoid fishes. It was a 
little over a metre (31 feet) in length. It is a representative 
of the suborder Ganocephaln. 

While the older text-books in the restorations of Lahy- 
rinthodon represented it as like a toad, wdth large legs and 
tailess, it is now known that some of the gigantic prede- 
cessors of the salamanders and tritons had long tails, while 
others had long, cylindrical, snake-like bodies. Unlike exist- 
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ing Batrachians, their fossil ancestors luid an armor of largo 
breast-plates, with smaller scales on tlio under and hinder 
part of the body. 

But the largest forms were the true Lahyrintliodonts repre- 
sented in the ( 'arboniforous rocks of tliis country by Bajf/irfes', 
and in Europe ])y Anfhrarosaurm, Ziiijof^aunts, and in the 
Permian beds of Texas by Enjops. [jabyrinthodonts also 
abounded in the Triassic Period, ami forms like tJie Euro- 
pean Lahijrint Jiodo)! or Madodimiomunt.^ must have been 
colossal in size. Footprints occur in the Siib(‘!ir)><miferous 
rocks of this country which indicate forms still larg(T than 
any yet discovered in the Old World. A largo number 
(thirty-four species, referable to sevenbam g(au‘ra) of medium- 
sized Labyrinthodfmts have been dc'scribed from the coal 
measures of Ohio by Co])o wJu(‘h w(*ro characterized ]>y 
their long, limbless, snake-like bodies and })ointed heads, 
forming a still more dca-ided approach to t lie Oanoids. 'I'liis 
was the lowest group of Stcpocejdtala, called M irrosdurid )»y 
Dawson. 

Thus we liave in these Labyrinihodonis synthetic or an- 
nectant forms, which connect the iislies with th(‘ Am- 
phibians, and on the other hand point to the im’oming of 
the reptiles. They were thus ]m*maturitive, larval forms, 
whicli in certain characters anticipated tlui coming of a 
higher type of Vertebrate. Tlie reptiles were ushered 
in during the Permian Period, the rocks of this age imme- 
diately overlying the coal measures, though it should bo 
stated that there arc obscure tractes of reptiles in the Carbon- 
iferous rocks. It is not improl)able that evidence will be 
found to substantiate the impression that tlui reptiles, 
together wdth but independently of 1h(‘ Ampliibians, 
branched off from the Ganoid fishes, cu* from extinct forms 
related to them. 

Order 0. Anura , — The toads and frogs repr(‘sent this 
order, whicli comprises tailless Batrachians, wutli the four 
limbs present, the toes being very long (due to tlie great 
length of the calcaneus and astragalus), while the body is 
short and broad, the skin soft and smooth, scalelcss, though 
small plates are sometimes embedded in it. The lower javv is 
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usually tootlile^s. The larvie are ealled tadpoles, and repre- 
sent the adult form of the IVrennihranchiates. TIic exter- 
nal gills are iji ilio adult re])laeed hy shorter internal ones. 

Among tlie lower frogs or arciferoiis Anura of Cope, i.e., 
those with the uc-romial and eoro(H>i(l bones divergent and 
eonneeted by distinet eartilage jdates, are certain forms, 
as Aliffvs, J*rIo/)/ffes, and wliose Ijreeding habits 

are })e(‘uliar and interesting. The eggs of PeJodi/frs are 
deposited in small ehistru's in the water, those of Pelo- 
hnf(>s in a thick looj). The male of the European Ali/fes 
ahsfpfririnifi winds a string of eggs Avhieh it takes from 
the feuiahi, and goes into the water, where it remains 
until the young Avhieh luive no gilL^) are hatcthed. The 
American Srffjdn’np/fs, or s])ade-footed toad, is not known to 
have this obstetrical habit. This singular toad appears sud- 
denly a]id in great numbers. It remaiiis but a day or 
two in the water, Avliere it lays its eggs in ])unc]ies from 
one to three inches in diameter. The tad[)ol(‘s hatch 
in about six days after the <‘ggs are laid ; their growth is 
rajn’d, the young tt)ads leaving tin* wat('r in two or thret^ 
weeks. Tlu' croaking of this toad is harsh, ])eeuliar, and 
need not ho eonfouiided Avith that of any otlier species. 
(Putnam.) As the sjAcde-footed toads are rarely seen, it is 
possible that they burroAV in the soil, like the Europoaii 
A/jfO’s. Another poeuiiarily in the re]u’oductivc habits of 
Ahjivfiy Pr/nhn/t‘s, Culfrijws, ami J^eJndi/fes is that they 
spawn at two seasons instead of one, and that their larA^ae, 
like Psriulrs (Pig. 437), attain a greater size than those of 
other frogs before completing their metamorphosis, ((.^ope,) 

Among the tree-toads, Pidypedates of tropical AYesteru 
Africa, contrary to the usual habits of frogs, deposits its eggs 
in a mass of jelly attached to the leaves of trees Avhich bor- 
der the shore overhanging a pond. On the arrival of the 
rainy season, the eggs become washed into the pond below, 
where the male frog fertilizes them. Oiir common piping 
tree-toad {Ilyla Pickeringii Lo Conte), about the middle of 
April, in the neighborhood of Boston, attaches her eggs 
simply to aquatic plants. The young are hatched in about 
twelre days. 
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As an example of a suppressed nuitmiior]>hosis, duo ap- 
parently to a radical differem*e in the physical environ men t 
of the aninial, may be cited the case of a tree-load in the 
island of Guadaloupe. There are no marslies on this islamh 
consequently in a s})e(‘ies of y///Wes* the (U*velopmenl, of 
tlie youn^ is direct ; they hatch from the eg^s which are 
laid under moist leaves, without tails, and are otherwise, ex- 
ee]d. in size, like the adults. On the ntiier liand, a tr(‘e-toad 
of llu' island of Martini(|ne ( Marfinirvusis, fdg. 
4‘;d) has tadpoles, which it (*arrie.s on its back, d'lui female 
of N(ifoirvin(( marsffptahttn Dumeril and Mibron, of the 
Ainles, has a rnarsnpium or sac on its back in wliich the 
young are cai’j'ied. I'lie 3"e/c^/c//V///.s* 
of Soulli Am(n*i(*a has similar habits ; 
for e\ani])le, the female OpisUtodH- 
phjfx {Nofoilvlphys) ori/rni has a dor- 
sal sac a ecmtinieli-e d(*(*p in which 
the eggs are carried. In the young 
of this and of (los! roIJiccd also of 
(knUral America, Peters found tracers 
of external gills, d'he Pi jut, or Suri- 
najn toad {Pipa A DHi'iraiKi Laiinml), 
which has no tongue, n(‘ilher bnUh in 
tlie iii.).(‘r jaw, lias similar brcodiii.ir riK. .«u. - Tho Maniniquo 
lialiits. In this iutercsting toad fim 
youhg, ac(;ording to Prof. Wyman, 

are jirovided with small gills, which, how'cver, are f)f no 
use to them, as the tad})oles do not entiu’ the wafer, but arc 
can’ied almut in cavities on tlie back. The eggs are jiiaraal 
by the male on the back of the htmale, where tliey are 
fertilized. The female then enters the water *, il)e skin 
thiekeiis, rises u]) around each egg and forms a marsupial 
sac or cell. The young pass through their ni(*tamor]>hosis 
in the sacs, having tails and rudimentary gills ; thesi; are 
absorbed before they leave their cells, the limbs develop, 
and the young pass out in the form of the adult. 

The toad [Bufo lentighioHus Shaw) is exceedingly useful as 
a destroyer of noxious insects. It is nocturnal in its habits ; 
is harmless, and can be taken up with impunity, though it 
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gives out an irritant acrid fluid from the akin, which may 
poison the eyelids. In New England toads begin to make 
their peculiar low trilling notes from the middle to the '2i)th 
of April; from the hit ter date until the tirst of dum^ they 
lay their eggs in long douhh} strings, and the tadpoh’s (Fig. 
434) are usually hatched in about ten days after the eggs are 
deposited. (Futnam. ) 

The paradoxical frog of South Anuuaca {i^scudrs pitra- 
(Iox(t Wagler, Fig. 437, I, 2, the larva) is nnnarkabk' from the 
fact tluit the larva is larger than the adult. 3 and 4 r(‘])re- 
senfc another sp(H*i('s of Fsrudrs (/h iniinitK). 

The liiglu'st genus of t.lu^ Aaurd is HtOKt, of whi<th there 
are numerous s|)(‘cies, our Anun’ican forms b(‘ing tlu* bull- 
frog pipfcNs liinn.), the ItdNff pahisfris L(‘ ('ontt‘, or 

])i(dver(3-frog, and th(‘ marsh-frog {lidna hidcriitu Kahn). 
They lay their eggs in masses in the water in April, May, 
and the early part of June, according to the latitude. 

While most frogs are eaten by birds, and in siu'h eases are 
preserved from ext inction by their noct urnal habits and tiuu'r 
protective resemblance to the herbage and tb(‘ bark and leaves 
of trees, Thomas Belt records the cas(U)f a little Ni(5araguan 
frog which is very abundant in damp woods, and “ boj>s 
about in the daytime, dressed in a bright livery of red and 
blue."' Its immunity from destriudion is diu^ to tlu*. fact 
tluit ducks and fowl could not be induc(‘(l to cat it, owing to 
its unpleasant taste, the same reason inducing birds to reject 
certain briglit-eolored caier])i liars, which are distasteful to 
them. 


Class IV.— BATKACHIA. 

Amphibious Vertd)rates, with gills in certain adult aquatic fornis^ all 
breathing air by lungs ; the skin of existing species naked; with true 
limbs like those of higher Vertebrates ; skull with two occipital condyles ; 
heart with two auricles and one ventricle. Mostly oviparous ; a distinct 
metamorphosis. 

Order 1. Trachydomata . — Body long, eel-like, with persistent gills ; 

no [pelvic bones or hind limbs ; no maxillary bone. (Siren.) 
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Order 2. Protcida . — Bcxly flattened, with persistent gills, and gill- 
openings ; a maxillary bone. (Proteus, Necturus.) 

Order 3. Urodela . — Xo persistent gills, body with a tail ; no gill-open- 
ings except in Menopoina and Amphiuma. (Salamandra.) 

Orders. Gt/m)iophiotift . — Body snahedikts no feet; no tail ; young with 
gill-openings, l)ut no gills. (Concilia.) 

Order o. MtcpocpphaJu. — Extinct forms ; the. tenijdes with a bony roof ; 

ollen large; eitlier snake like, witliout limbs, or with pad- 
dhelike limbs, or witli lour legs ; teeth with or without 
lahyriiitliiiH- structure. (Arcliegosaurus, Labyrinthodon.) 

Order 0. Aiurra, — Body KlH)rt, lailh^ss, with four limbs ; toes very Jong ; 
h.'Kpers ; larvti? tailed. (Bufo, liana.) 

Lahoralury ^Vork, — The student should carefully follow, with a speci- 
men in hand, tlm descrijUiou of the structure of the frog, aided by tlio 
figure ; tlien should make a skeletoit of tin* same s])ecies. Tliese 
studies slumld tlien be followed by a close comparison witli the struc- 
ture a mud-puppy and of a salamander — the osteology and anat- 
omy of the softer parts receiving ecpial attention. Th(‘ bn^uliug hab- 
its of the Batrachiaiis may be studied by confining them in jars or 
aquaria. The embryology can best be studied by hardened stained 
sections of the eggs. 


Class V. — IIkptilia {Liznrdx^ Snakes^ Turtles ^ and 
('rorodlles). 

General Characters of Reptiles. — In the members of the 
(4ass we luive a st ill fartlier elaboration of a type of 
struetiire wliieh tirst a]>i)oars iti tlie llatrachiaiis, with the 
addition of features, whieli uii the other hand arc wrouglit 
out in a more detailed manner in the birds, so much so tliat 
while the iishes ami Batraehians form one series {Icthyop- 
sida), a st udy of ditfereut fossil reptiles, especially the bird- 
like n'ptiles (Dinosaurs atid Pterosaurs), which clearly con- 
nect the birds with tlio reptiles, shows that tlie two latter 
groups should bo united into a scries called Sauropsida. 
Thus no one chussof Vertebrates stands alone by itself ; every 
year fresh researches by })aheontologists, and the re-examina- 
tions of living Vertebrates, especially as to their embryonic 
history, proves that no single ela^ss, not oven a type so well 
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circumscribed as the modern birds, is witbout links forminc^ 
genetic bonds allying them all together. In faei , the dilh'rent 
classes of Vertebrates, as well as of other branches lyf t he 
animal kingdom, form an ascending series, from th(' mon^ 
generalized, though not always sim])l(‘ forms (numerous 
groups comprising syntheti(‘ types), to those which an' more' 
specializeil, i.e., in which separate ergans or groups of or- 
gans are elaborated and worked out in gn-eal detail, dbis is 
the tendency all througlj nature, and were (hivi(‘r himself 
now living, and were he to examine tlu' facts rev('al(‘d since 
his death, he would, as many others in advanec'd life have 
done, cast aside the limited, analytical notions of the past, 
based as tliey were on fragment ary evidt'iuH', and adopt 
the more philosophical ])rinciplcs of classilicalion, based on 
sciences that were in e?nbryo thirty or forty yc^ars sin('(\ 
These reilections hav(^ great force in the study of a class like 
the re])tiles where there art' a larger number (live) of extinct, 
tluiu of living (four) ordt'rs, and wlicrt' tlu' fossil types were 
of a more gt'iK'ral, almost embryorne type, and consetpiently 
gigantic and ill-sba])en, showing a tcmh'ncy to extrcim^s or 
})r(miaturity in development rather than to an etpiality in aiid 
maturity of the whole organization (M)mj>ared with their de- 
scendants. A higli degrot* of s])eeializut ion of type tends 
nearly always in living beings, plants as well as animals, to a 
condensation and higher gradt; of form. ^Jdit'St! animals also 
have given a name to tlu* Age of h’eptih's, the middle or 
Mesozoic agciof ilic world, whtm they were t lu? dominant ty]>e 
of life. 

The essential eliaracters of rept iles are the following : As 
regards the skeleton, the bodies of the vertebrae vary in htung 
either biconcave, (concave in front, concave behind, or Hat 
at each end ; the cup-and-hall vert(;hrre are most common, 
forming a strong and flexible joint well fitted for general 
motion. The ribs are 'well developed, the sternum is rhom- 
boidal ; there are usually, if not always, more than fliree 
toes. The body is covered witii scales ; the blood is cold, the 
heart has in the crocodiles, the highest order, four chambers ; 
two or more aortic branches persist, and certain membranes, 
called an amnion and allantois, envelop the embryo. 
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The vertebral column is now more distinctly marked off 
than in the Batrachians ; a cervical and lumbar region being 
indicated in mosi reptiles except the snakes and turtles. Well- 
marked ribs exist in n(‘arly all the vertebra* of the trunk, 
except in tlie turtles, where the so-called ribs are })ossihly, 

^ I ! I I 


Flj^. ‘t.S8.--Sktil! of n Tur- 
tle Hci'U from behind, I. 
bftsi oecipital ; 2, exoeeipi- 

tal;:C f'uuvuoec ipitul; r>. 

HpheiHtul ; 15, prootie \]h'- 
trosnl) ; 17, (luudrate.- -After 


according to (iegenhaur. nioditied 1 \ M I \l 

transverse ])rocess(;s. 1 VA / ^ 

Tlie skull of reptilCvS is much 
more like that of birds than of Or ^TT 

Amphibians. There is a single m\ 

occipital condyle, and the lower mjl n \ l \ 

jaw is articulated hy the (]uad- mF ^W\ j 

rate-bone to the base of the skull, jfn L \\\ / li 

ddie primitive skull, or that part Ulj '7 T /J \\ 

immediately enclosing the brain, ^ V/ H (- ^ /{Yi j^?A\ 
has an incomplete roof, but still I? U I 
is more bony than in Buirachi- U f )i/ L u\ 

ans ; while owing to the great u 1 ll/ t 

size of the bones developed orig- 

inally in and from the palato- pig. m-Bone. of the foot of . 

miadrate Ciii*tila<’“0 but a small (Hzardl A, and an embryo 

quauiatt euiuiaj^e, uul a sniaii bird, i3. /, femur ; C tibia ; n. fibula, 

part of the true skull is to be upper, ri, lower pie^H of the tar. 
^ . wi« ; m, meiatarsus ; r, metatarea- 

seon. The parts forming the Haofthetoea. 
hyoid susjHmsorium in lishes (hyomandibular and symplectic 
bones) are, as in the Batrachians, entirely separate from the 
skull. 

While the limbs are, as a rule, absent in the snakes, the 
fore legs always wanting, in a few forms, as the pythons. 
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boas, and Tortrices, tlie pelvis exists in a rudimentary state, 
and attached to it is a pair of nidinientary hind legs ending 
in claws ; in all other existing reptiles the limbs are directly 
comparable with those of birds and mammals, the bones of 
tlic legs ])eing best develoj)ed in the Clu'lonians (turth's), 
which have nine car])al bones and live lingers in each foot. 
Certain extinct saurians had paddic-likc limbs, otlu‘rs 1)ir(h 
like limbs, and still others a]>proacb(Hl the crocodilian type, 
in which the carpal bones and phalangi‘S becoim‘ jcduccd in 
number. In the hind limbs an intermedium (in birds only 
})resent in tli(‘ embryo) is unit(‘d with tlu< Hhiale bone to 
form an (ix( nujithifi or heel-boiu*. 

d’b(' scales of n'ptiles are very characteristic, tliough scales 
existed on the underside of the body of most. StcgoiH'pbalous 
Batrachia. The scales of lizards and snakes are dev(doped 
from the cutis. Tlio large horny ])lat(‘s of (dielonians are 
greatly (levelopinl and unite abov(‘. with (he “ribs" lo form 
the shell or carainar, while nine large ]>lates below form 
the pJaHfr(>)i. 

Idle teeth are simple, conical, ,‘ind wliile in the lizards 
and snakes they may exist on the j)alaline and jdm’ygoid 
bones, in the crocodiles, when* tluw are implant(Mi in so(heis 
of the jaw-bones, they are, as in the mammals, confined to 
the maxillary Ixmes. ddiey are rejn'odiuad as fast as they 
are shed. The ('helonians have no teeth, tlie jaws being, as 
in birds, enclosed in a stout horny case, developed from tiio 
epidermis. There is a middle and internal ear much as in 
birds. The ]New Zealand lizard, Hat ter id y is the only ri^ptile 
which has the beginning of a spiral turn indicated in its 
cochlea, which in other reptiles is, as in birds, mendy a 
flask-shaped cavity. (Iio)k*ston.) The eyes of reptiles aj)- 
proach those of birds, and in both there is an upj)or and a 
lower movable eyelid besides a nictitating membrane. 

True nostrils exist in reptiles for the first time among 
Vertebrates. 

The tongue is either not extended out of the mouth, and 
is broad, as in turtles and crocodiles and some lizards, or as 
in most lizards and all snakes it is long, slender, forked, and 
can be darted rapidly out of the mouth. 
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True lips now, as in birds, l)order the jaw^-bonos, while 
salivary glands for the first time in the Verte])rai-os ap])ear 
in the Clielonians and lizards ; besides these there are smaller 
glands in tlie li])s of lizards and snakes, the ])oison-giands 
of the ratltesnake, viper, etc., being modifications of these 
labial glands. 

While the (eso])hagn8 is wide and tlio stomach usually 
(juite sin\j)le, in the crocodiles there is a muscular gizzard 
a])proaching t hat of birds, and there is a special pyloric por- 
tion in the crocodiles like that of grallatorial and swimming 
birds. The liver and ])ancreas have, as in birds, two or more 
exen'tory duels, and a gall-bladder is always })resent. A 
larg(‘. fat-body (Fig. 449,/) is present on each side of the 
body. 

lungs, trachea, jiiul larynx ef npiiles are much 
sim}d(*r than in birds; in the long slend(‘r-ringed trachea 
there is an approach to that of lords, but the lungs ani 
nuxh'lled on the Amphibian lyp(‘ ; the larynx, especially in 
the (‘helonia)is and crocodiles, is miudi more perfect than in 
the Amphibians. 

4die organs of ci]*culation show a d(*cided advance in situ- 
ation over the Hatrachians. 44u‘ heart (Fig. 449) re(*edcs 
fartlicr buck into the thoraxn Of the two auricles the right 
and larger one rc(*(uves the systemic and the left the pnl- 
luonary veins. In all hut the erocodih* the ventricle has 
a partition, the right half containing venous and the left 
arterial blood, wliile in the crocaxliles there are two ven- 
trieles, so that the heart is foiir-ehamlK‘red. In the lizards 
two aortie hrtnieluxs (a right and a left) survive. In the 
crocodiles a vessel which gives olf the right aortic arcli and 
the (*arolids arises from the left ventricle, wliile a left aortic 
arch and tlie pulmonary arteries arise from the right ven- 
tricle. In the reptiles as in birds there are two sipierior as 
well as one inferior vena cava. In reptiles as in lower Ver- 
tebrates tliere art* no true lymphatic glands ; an organ re- 
sembling them is present in reptiles (Fig. 449, th), forming a 
small swelling situated behind the angle of the lower jaw. 

While the brain is still simple, though it fills the cavity of 
the skull, the different lobes being subetpial in size, the cere- 
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Fig. 440.— Anatomvol' a lizard, R<'He}y/rnH undulatn^. U traf ii(*a : /*. ark^ry; 

th, thyrttid fi^liirid ; 4, ventricle of tbe heart -above arc the uvo anrlch*-; lumr: 
I, liver tomed out; #, Bfoukich ; I, iiit<;Ktine ; a, vent — above if the cloaca ia luia 
open lo diftcloHC the or»etiings lo o) of the kidneytt above are the two ojK-ninijt* of 
toe o>iduct«: n, oviduct ; o, ovary ; r, vena cava; /, fat-body.- Orawii by A. F. 
Gray from dissections made by the author. 
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bellutn is small^ especially in the serpents. In the croco- 
diles the brain most approachCvS that of birds, the cerebellum 
being larger than usual in the middle, and in this respect 
somewhat aj)proaching the birds. Corpora striata (which 
are thickenings of the outer walls of the cerebral hemispheres) 
and the anterior (‘onirnissnre of the cerebral hemispheres an* 
pr(‘seni for tlie lirst time in the vertebrate series. 

The kidneys (Fig. 440, k) are lobuhited, varying in foim 
and position, and usually siluated near tlie cloaca, the ureters 
being short and ojKUiing iiito the cloaca. The reproductive 
organs an* geiH'raUy like (hose of the Batraehiaiis. The 
ovaries li(‘ on eacli side of tlie vertebral column, and vary in 
size witli tlu^ season, )K‘ing largest during the time of repro- 
duction. The oviducts (Fig. 440, are voluminous coiled 
canals, which in most rej>tiles open into tlie cloaca; in the 
tnrtl(‘s, hovv(‘ver, opt'iiing into the neck of the so-called 
urinary Idavlder. After the egg j)asses into the oviduct it 
is euv(‘loj)ed by the ‘‘white" or alhmrieu, wliich is secreted 
in the anterior part of the oviduct, while the thick-walled 
terminal part sc'cretes the shell. 

The (‘xternal dilferem^es between the sexes is more marked 
than in the Aniphihians. According to Darwin, the sexes of 
the Chelonians and snakes differ very slightly ; male rattle- 
snakes are said to be more yellow ; in the East Indian Dip- 
ms ctfnodon the male is bright green, while the female is 
bruiize-eolored. Male lizards are usually larger, while male 
snakes are always smaller than those of the ppposite sex. 
Various appendages, such as crests, warts, horns, etc., wlien 
present in both sexes, are most developed in the males, 
while the colors and markings are brighter in the latter sex. 

The moulting of the skin is effected by its being pushed of! 
by the upward growth of fine, temporary cuticular hairs. 
On certain ])arts of the body, as on the underside of the 
capsular skin and scales of the eyes, these hairs do. not de- 
velop. After the skin is loosened, it dries and is readily 
shuffled off. 

The eggs of turtles, like those of birds, are very large, 
the yolk mass being greatly developed. The lizards, snakes, 
and crocodiles lay their eggs in sand or light soil, while those 
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of the iguana are laid in the hollows of trees, (hu'taiu 
snakes, as the vipers, are viviparous. In many snakes and 
lizards the development of the embryo goes on in the egg 
before it leaves the oviduct ; such s[)eoies are said to b(' ono- 
viviparous, the young being born living. I'lie Eutivnia 
sirtali.s, or common striped snake, ])rings fortli its young 
alive, and is })n)bably ovovivi})arous rather than vivijKirous, 

Tlie early j>hases of the d(‘velo])in(‘nt of the reptih's, in- 
cluding the origin of the amnion and allantois, is much as 
in the chick. In the turlle, by the time that the lu'art has 
become three- chambered, the vcrtcbim have reacihed the 
root of the tail, the eyes have become entirely enclosed in 
com])leie orbits, and l,he allantois begins to grow. The 
nostrils may now bo recogniz(Ml as two sirnj>le indentations 
at the end of the hea<l, and at first are not in c-ommnni(*.a- 
tion with the mouth, but soon a sliallow furrow leads to it. 
The shield begins to devedop by a bnddi)ig out laleralJy of 
the rnusculo-cutaneous layca* along tlie si(l(‘s of tlu^ body, 
and by the growth of narrow ribs exiimding to the edge of 
the shield. In the ovi})arous snak(‘s {/.(/., Nafrix tonjuaUi) 
the emin’yo partially (ieveloj)s before tiu' (‘gg is laid, while 
the young hatelies in two months after the egg is de])ositc(l. 
By this time the amnion is perfected, the h(*ad is distinct, 
and shows tlie eyeball and (;ar-Hae ; also Die maxillary and 
mandibular processes. The allantois is about as large as tlie 
head. The long trunk of the s(u*pent grows in a series of 
decreasing spirals, and when live or six are formed, the rudi- 
ments of the liver and tiie primordial kidmws are dis(‘,ern- 
ible. At the latter third of embryonic life tlu^ right lung 
appears as a mere a})]>endage to the beginning of the hdt. 

The reptiles are essentially tropical and sul)troj)i(*,al ani- 
mals ; they are scarce in north temperate countries, though 
in North America snakes extend north fartlier than lizards ; 
in Europe snakes cease at bO® north latitude, and at 0000 
feet elevation in the Alps ; lizards in Europe sometimes ex- 
tend farther north than snakes, and ascend to an elevation 
of 10,000 feet in the Alps, Reptiles are usually wanting in 
oceanic islands which possess no indigenous mammals, tliougl) 
lizards are sometimes found on islands where there are 
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neither mammals nor snakes. The reptiles in cool climates 
hibernate, while those of the tropics have a summer-sleep in 
the dry season, becoming active Avhen the rainy season begins. 

There are about three thousand species of living reptiles 
known, of wliich three hundred and fifty-eight are North 
American ; between tliree and four hundred fossil forms 
have been described. Tlie reptiles are divided into nine 
orders, of which five are extinct. 

Order 1. Ojdndia. The snakes, of which there are over 
one hundred and thirty s])ecies in America nortli of Mexico, 
have a remarkably long cylindrical body, the tail very long 
and slender ; they are footless, with no slioiilder girdle, and 
are covered with scales, which are all shed simuUaneously. 
These scailes are epidermal growths, and while usually they 
overlap, in a few cases {Arroriiordux^ (dc.) they are tubercu- 
lar, and do not overlap. The eyes are not protected by true 
lids, but the latter are thin, covering the eye; perinaiiently, 
thus accounting for the fixed, stony stare of snakes. The 
nuinf)er of veidebric (which are hollow in front and convex 
behind), may in the boa amount to more than four hundred. 
Each vertebra, exce[)t the first (the atlas) is provided with 
ribs, and the processes with articular facets, whicdi interlock- 
ing give great strength and Ilexibility to the spinal column. 
The hyoid lionc is very slightly develojied, though the 
tongue is long, forked, can be rajiidly darted out, and with- 
drawn into a sheath ; the (puidrate bones connecting the 
lower jaw' with the skull are movable. The bones of the 
brain-case are firmly united together, while those of the jaws 
and palate are more or less freely movable to allow' the snake 
(the boa especially) to distend its throat immensely and 
swallow comparatively large animals, though ordinary snakes 
will swallow large toads and frogs and other snakes but 
slightly smaller than tliemselves. In order to retain the 
prey and prevent its slipping out of the mouth, tlie recurved 
short conical teeth are developed on the maxillary, palatine, 
pterygoid, and mandibular bones, and occasionally on the 
premaxillaries ; they are not set in sockets, and consequently 
are not used to crush or tear food. 

The peculiar gliding motion of snakes is effected by the 
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movements of the large ventral scales, which are successively 
advanced, the hinder edges of the scales resting on the 
ground and forming fulcra ; resting on these the body is 
then drawn or pushed rapidly forwards. 

The brain of serpents is small, much as in the lizards, the 
cerebellum being especially small and ilat, whil(‘ the cerebral 
liemispheres together form a mass broader than long. 

The more cliaracteristic features of ihe internal anatomy 
of snakes is a want of symmetry in t he paired organs, as seen 
in the absence of a second funetioiial lung, and seetuul pul- 
inonarv artery, one of tlu‘ lungs being minute, rudimentary, 
Avliile the other is very long and larg(‘ ; the trachea is also 
very long, while the right ovary is larger than tlu' ](‘ft and 
placed in front of it. The other viscera, are so arranged as to 
pack well in the long nairow body-cavit y. 

Hie student slioiild dissect a snake with the aid of tlie ac- 
companying figure of the common Hti*ij)ed snake 
slrtalin Baird ,. 

A few snakes are viviparous, as ihe vipers ; others are ovo- 
viviparous. Jn the oviparous Na/riu iurquata of Kurope, 
the embryo jiartly develojis before th(‘ egg is laid, whil(.‘ the 
young hatches in two months after the egg is deposiU^d. At this 
time the amnion is fully formed, ihe head is distinct, as well 
as the eyeball, and ear sac. Mhie long body grow.s in a series 
of decreasing spirals, and when live or six are formed, tlie 
rndiments of the liver and of the jirirnoi'dial kidnc'ys may be 
detected, wliile at the latter tliird of emluyonic lif(\ the 
right lung appears as a mere appendage t.o the beginning of 
the left. The embryo, at the time of hatching, is jjrovided 
with a temporary horny tooth on the snout to cut tlirough 
the egg shell. 

Most snakes conform in coloration to the nature of the 
soil or places they frequent : some being, as in tlie raltlr*snake 
of tlie western plains, of the color of tlie soil in which they 
burrow ; the little green snake is of tlie color (tf llie grass 
through which it glides ; other are dull gray or dusky, har- 
monizing with the color of the trunks of trees on which 
they rest. The poisonous Flaps of the Central American 
forest is gaily and conspicuously colored ; indeed it can uf- 
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Fig. 441.— Anatomy of the common stripod Bnake. Hy, hyoldeau apparstoB ; 
trachea ; Ik, thyroid ; (k, cesophagus ; T, thyrana ; Ht, heart ; lir, oronchus ; 
lung ; *4, aif'gac; Li, liver ; Ov, ovary; Sp, spleen; Pa. pancreas: OH, ovldc 
€1. cloaca ; P, rectum ; OH', right oviduct cut off; w, nreur; K, kidney ; V, vena 
iM»rue ; /, Intestine.— Dmvrii hy €, S. Minot. 
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The Salenoglypli poisonous snakes may always bo recog- 
nized by their broad, flattened heads, and usually short thick 
bodies. The poison gland of the rattlesnake (Fig. 442, a) is 
a modified salivai*y gland. The two fangs arc mod iti cations 
of maxillary teeth, each of which has becai, so to sjx'ak, 
pressed flat, with the edges bent towards each otlier, and 
soldered togctlHO', so as to form ii hollow (wlinder open at 
both ends, the })oison duct leading into the basal opening. 
When the fangs strike into the flesh, the muscles cdosing 
the jaws press u})on the poison gland, forcing tlu^ poison 
into the woinul. The poison-fangs aro largest in ilio most 
deadly species, as 
the xiper ( Vi per a), 
the pnlf adder 
{Clotlio), the rat- 
tlesnake, and for- 
de-lance {'J'rU/ano- 
cephaln^), but are 
small in the asps 
or liooded snakes 
(Xaja). The bite 
of the ]*attlesnake 
is intensely painful; 



it is best cured by 
sucking, freely lan- 
cing, and by cauter- 
izing the wound, 
and drinking large 


Fi<!. 442.— n(‘ad of the nitll(‘PT)ak<* : art, poison Kland 
and 11 H excretory duct : c, miterior l(‘Hii)onii inuKcle ; f, 
posterior temporal muHclft ; //, (liirjtsirie.iiH ; A, external 
l»teryKojd iiiuacle ; ?, middle leinixind musele ; //, urti- 
culo-maxillury lierainent which joins rlie apoiienrotic 
capsule of the poison frland ; t\ the cervical anjtular 
muscle ; ^ vei*tohr<»-mandil>ular nuiB<dc ; e.osto- man- 
dibular muscle —After Duvernoy. 


quantities (at least a pint) of whiskey or brandy, siiflicient 
ordinarily to produce insensibility. Deal hs from tlie hito of 


rattlesnakes are not common, wliile in India it is estimated 


that several thousand people annually die from the bite of 
the cobni — 10,000 dying each year from the liitt* of snakes 
and the attacks of wild beasts. The rattle^’ of the rattle- 


snake is a horny appendage formed of buttonlike compart- 


ments ; the sound made hy the rattle, which lias been (tom- 
pared by some to the stridulation of a Carolina locust, or of 
the Cicada, is an alarm note, warning the intruder ; the rat- 
tle is sprung before the snake strikes. Allied to this snake 
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is the copperhead (Ancistrodon contortrix Linn.) and the 
black mocassin [Ancistrodon pisctwrus Linn.). In the watsr 
snakes the tails are laterally compressed^ while the poison- 
tangs are small. These snakes are not much over a metre in 
length, and Jive far from land in the East Indian seas. 

The poiHonous snaJves stand lowest in the series ; they are 
succeeded by tlie strij)ed sriahe, milk adder, and ])y tlie boas, 
which attain a length of live metres ; Avliile tlie anaconda 
grows eight metres long. 

In time snakes reach back to the Eocene Tertiary period, 
when a great sea-snake {Titnno'pMs)^ represented by several 
species, one six metres in length, liaiinted (lie coast of 2^'ew 
Jersey, while in the western lake-deposits of the same age, 
forms allied to the existing bou-eonstrictor W(‘re ]iot un- 
common. The snakes, tlicn, a])pear to be a modern type 
com[)a,red with tlu^ lizards, turtles, and crcH'odiles. 

Order 2. Pufhononiorpha . — This grou}) imtludes a num- 
ber of colossal serpent-like forms, with paddle-like feet, which 
are regarded l)y Cope as the types of a distinct order, char- 
ac‘teriz(‘d by a ('om])lex susi)ensorium, ])y the absence of a 
fiternurn and sacrum, by the rootless teeth, recurved juirie- 
tal bones, etc. 

They were fifty and sixty feet in length, and Momsaiirm 
maxi inns Cope, from >^b*w J(‘rsey was still more colossal. 
They combined characters of the snakes, lizards, and plesio- 
saurs, and correspond in a degreti to the descriptions of the 
myth ieal sea-ser| >ent. 

The n^seni bianco to the Ophidians is still farther strength- 
ened by ilu' late discovery by Professor F. H. ISnow', that one 
of the forms [Liodon) was covered above by small imbricated 
scales, like those of the snakes, rather than large ones, like 
those of reptiles. The more abundant type is the Mosa- 
satinirS of the Cretaceous seas, which was a huge sea-serpent 
originally referred by Cuvier and Owen to the neighborhood 
of the lace-lizards (Vara aider) ; Cope describes it as a long 
slender reptile, Avith a pair of j)owerfiil paddles in front, a 
moderately long neck, and flat pointed head, with a long 
forked tongue. The very long tiiil was flat and deep, like 
that of a great eel, forming a powerful propeller. The 
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arches of the vertebral column interlocked more extensively 
than in other reptiles except the snakes. Tliey swam rapidly 
through the water ])y rapid luidiilations of their bodies aided 
by the j)addles. The skull was not so strong, though jis 
light as that of t he serpents. W hile 1 lie jaws were longer, t he 
gape was not so extensive us in serpents of the higher groups, 
for the os (juadratuni, the suspensor of the lower jaw, tlioiigh 
equally movable and fastiuied to witiely sjiread iSup]>orts. Avas 
much shorter than in them. Ihit tliere was a remarkable 
arrangement to obviate any ineonvenienee arising from these 
points. While tlie brandies of the niuhn* jaw had no natural 
connection, and jxxssesseil independent motion, as in all ser- 
pents, tliey had the additional jieeiiliarit v, not. known else- 
where among \\u-tebrates (excejit with snakes), of a movable 
articulation a little behind the middle of eaeh. Its direction 
being oblique, the flmxure Avas outwards and a litth' down- 
wards, greatly expanding the width of the sjiaca* ladxveen 
tiieni, and alloAving their tips to dose a. littl(‘. A loose ilexi- 
blo pouch-like throat eonld then receive tlu^ entin^ prey 
swallowed ladween the branches of the jaw ; the msa^ssity of 
holding it long in the i(‘(‘th, or of jnissing it iH'tAvcen the 
short quadrate lumes eonld not exist. <,)f conrs(‘ tin* glotl.is 
and tongue would be forwards.” dMie onhn* iHHainn^ extinct 
before tlie Tertiary Period. 

Order d. Lacertllia. —The (‘xisting lizards or Sa^rriam arc 
the survivors or descendants of a multitude of forms, many 
colossal in si/a*, wliieh (;]iaracterized the Ikirmian and Meso- 
zoic periods; while tlie extimd. forms of reptiles were in 
many cases synthetic.* ty])es, with atlinitic'S to lishes, Ani- 
])hibians, and even birds. The grou}) as now existing is well 
civcumscrib(d. 

Most lizards have cvlindrical bodies, usually covered with 
small overlapping scales, Avitlialong, slender tail, andgeneral- 
ly two jiairs of feet, the toes long and slender, and ending in 
claws. They run wdth great ra[)idity, and arc aetiv<‘, agile 
creatures, adorned Avith bright metallic colors, in some cases 
green or brown, simulating the tints of the \eg^*tation or 
soil on which they live ; some are capable of changing their 
color at will, as in the chameleon and Anolis : this is due to 
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the fact that the pigment cells or chromatophores are under 
the iniluence of llie voluntar^^ nerves. 

While tlie scales of the body are developed, as a rule, from 
the (‘])idermis, in ilie sciiik tlierc aie dermal scales (scutes), 
and such dermal plates in the head may niiite with the bones 
of the skull. In most lizards, all except lh(.‘ (leekos, the 
veriebrjc are [irncmlous, Lf'.y with a hall-aiid-socket joint, 
the verlebne being roundeti in front, and coneave behind. 
In the (it‘ckos Hu*, vertebral column isfish-liko, the notochord 
persisting (a\;ce[)t in the centre of eacli v(‘rtehra, winch is bi- 
concave. In many lizards {Ijitceria^ J(juaiia and the Geckos), 
the middb^ of each caudal viulehra has a thin cartilaginous 
partition, and it is a( thivS point that the tails of these liz- 
ards break oil so easily when seized. In vSiudi cases the tail 
is rcn(uv(al, hut is more stiim])y. The tail of tlic specimen 
of Sceloporus (I’ig. 440) which W(‘ dissected is much shorter 
than in the normal animal, and must have grown out after 
having been lost. 

The throat is often distensible by the liyoid apparatus ; 
but the bones of the jaws are tirm, tlic bones united in front. 
Both jaws an^ providiul with teedh, wliilo some have them 
dcveh^pc^d on tlu^ palatine and pterygoid boiu^s. The teeth 
are usually sim})U\ sharp, eonicail, as in most lizards, includ- 
ing tlic Monitor, or they are flattened, hlado-like, with ser- 
rated edges, as in the hjaanUy or as in CijclMlm they are 
broad, adapted for crushing the food. Most lizards prey on 
insects ; some live on ]dants. New teeth are usually devel- 
oped at the bases of the old ones. They are attjwdied to the 
Burface of its jaws; in eertuin extinct forms [Therodoui ti) 
they are lodged in sockets. (Huxley.) The eyelids are 
well develojvcul except in the Geckos, in which the lids are 
modifled somewhat, as in the snakes, to form a transparent 
skin over the cornea of the eyes. The tongue is free and 
long, sonudiines forked ; in the iguana it ends in a horny 
point. 

While the linilis are usually present, one or the other pair 
may in rare cases (in Pseiidopus the fore feet are wanting ; in 
Cliirotes the hind feet are absent) be absent, or as in Ain- 
pliisbmna and its allies the feet are entirely wanting, though 
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the shoulder-girdle invariably remains, the pelvic-girdle in 
such cases disap])earing ; the pelvis being e(nnplete, liow- 
ever, when the bind limbs are present. '^Fhe feet are live- 
toed. The internal anatomy of lizards lias alr(*a(iy been de- 
scribed and illustrated on p. 493. In the snake-like lizards 
{Angnis;) the left lung is the smaller, and in Acontidii 
and Tgi)h}id(i it is almost wanting. A urinary bladder, 
wanting in the snakes, is ])res(mt in lizards. 

The lizard lays eggs in the sand or soil ; tbost' of the iguana 
are deposited in the hollows of trees. Certain lizards arc 
viviparous. 

There are between seven hundred and eight hundred species 
of existing lizards, most of which inhabit. tro}>i(‘al or suhtron- 
ical countries ; eighty-two species of lizards ininihit. Aincricai 
north of Mexico. The earliest lizards date hack to the Kim- 
meridge or middle division of the Jurassic rocks. 

Reviewing sonu' of the more interesting lizards in the as- 
cending order, we may, jmssing over the snak(‘dike, limbless 
Ampliishmia, Jind the limbless glass snake ( 
first consider the chameleon of the Mediterranean shori^s, in 
which tlie eyes are movable with a circular (yidid, and with 
the five toes in two opjiosable grou])s adaptiMl for grasping 
twigs of trees. It is rcmarkahlc for its })owcr of changing 
its colors. The tongue of the chamelcioii (Kig. 443) iii 
capable of extending five or six imdies. and is covered witli 
a sticky secretion for the (;a[)ture of insects, as the crea- 
ture itself is very sluggish. The chaintleon of our country 
is the AnoVh^ of the Southern States, and is a long smooth- 
bodied lizard, wliich can change its color from a briglit pea- 
green to a deep bronze-brown. 

The horned loads (FJrrgnofioma) are characteristic of the 
dry western plains ; the body is broad, fiattened, aiid armed 
with spines ; its coloration depends on tliat of the soil it in- 
habits. It will stand long fasts. When Phryriosoina Don- 
glassii of the Northwestern Territories and States is about to 
moult, small dry vesicles appear on the hack and sides, run- 
ning along the horizontal rows of pyramidal scales forming 
the margin of the abdomen. In a day or two the vesicles 
break and desquamation begins, which continues for eight or 
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ten days, the skin finally separating from the spines of the 
head and the claws. (Hoffman.) 

Our most common lizard in the Middle and Southern 
StatOvS is Scehporus undulatu.^ Harlan (Fig. 440). It is 
common, running up trees. The iguanas are very large liz- 
ards inhabiting the West Indices and Central America ; the 
head is protected by numerous small shields, with a dorsal row 
of bristling spines. They are about throe feet long, live in 
the lower branch(!H of trees, and are said to be excellent eat- 
ing. A still larger form, closely resembling the iguanas, is 
the sea-lizard {AmUyrhunchn^) of the Galapagos Islands, 
where it lives in the rocks by the shore, feeding on seaweeds. 
These large creatures are among the largest of existing liz- 



Fig. 44B.~ToT»pue of CJmmehon. Natural size.— A ftor Hymer Jones. 


ards, being eighty-five centimetres (over 3 feel) in length. 
Clos(‘ly allied to the iguanas were a number of extinct sau- 
rians of colossal size which flourished in the dura-Trias and 
Chalk Periods. 

The largest lizard in Mexico is the Hehderma horridnrn 
of Wiegmann, It grows to the length of one metre (over 
three feet). It is allied to the iguanas, but the body is 
heavily tuberciilated. Heloderma suspectum Cope, inhab- 
its southern Utah, Arizona, and New Mexico. The largest 
of the existing lizards are the monitors, or species of Vara- 
nuSf of tropical riv(‘rs, which nearly rival the crocodiles in 
size, being five or six feet in length. 

Order 4. Chehnia. — Although the tortoises and turtles 
are a well circumscribed group, with no aberrant or connect- 
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ing forms, yet they have some affinities with the Bairavhia, 
They are distinguished from the other reptiles by the shelh 
the upper part forming the carapace, and the lower the 
plastron ; these two parts unite to form a case or box within 



which the turtle can retract its head and limbs and tail. 
Owing to the presence of the carapace, the dorsal v(Ttebra^ 
are immovable, and the ribs do not move upon the vertebra^. 
The bones of the ventral shield or plastron are usually 
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nine in nnml>cr. The jaws are toothless, being, as in birds, 
encased in horny beaks ; there are rarely fleshy lips ; the 
tongue is spoon-shaped and immovable. The heart consists 
of two auricles and a ventricle. The brain has larger cere- 
bral lobes than in the lizai’ds. The eyes have a third lid, or 
nictitating membrane. The student can best obtain an 
idea of the organization of the turtles by studying the skel- 
eton and dissecting a turtle with the aid of the accompany- 
ing de8cri])tion and figure of the common turtle.* 

The common swami>-tiirtle {(Uinjseinjfs jrfrfa) is a good 
type of the Chelunia. The animal is enclosed in a hard sliell 
made up of an arched dorsal j)ortion, and a fiat ventral por- 



Fig. 44o. — Vcinnil (!])i(lcrtnnl plates of Chnjannys picta . — Drawn by C. S. Minot. 


tion, the two connected laterally, hut widely separated an- 
teriorly to give exit to the head and fore limbs, and pos- 
teriorly for the tail and hind limbs. These parts can all be 
withdrawn within the protecting shell, hv being doubled or 
folded back upon themselves. The soft parts of the skin are 
covered with scales, formed by overlapping folds. The limbs 
are stout ; u])on the anterior feet there are five, upon the 
posterior four claws. On the under surface of the short 
tailoring tail near its base is the wdde opening of the cloaca. 
The ventral plastron consists of twelve symmetrical pieces, 
six on each side. Fig. 445. The first and last pair are tri- 
angular, the others are four-sided ; the fourth pair is the 

*Th^8 description has been prepared and the illustrations drawn by 
Dx. G. 8. Minot. 




Ffg. 446.— Anatomy of the Turtle. Chn/i>Amt//f picfa.-Dr&mi by S. Minot. 


shell M^hich unite the plastron and earapaee, then renioyc the 
ventral piece, ean'fully freeing it from the organs Ijcneatli. 

Fig. 446 represents a female, with the intestines and di- 
gestive glands partially freed and turned aside, while the 
shoulder-blade, oviduct, and ovary of the left side; and the 
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right lung hare heen entirely removed. The middle line of 
the neck is occupied by the trachea, which overlies the much 
wider oesophagus, which again rests upon two very large 
cylindrical muscles, the powerful retractors of the head. 
The muscles {It) extend backwai-ds along the vertebral 
column, behind the heart and through the abdomen. The 
trachea branches just in front of the lieart, to send a 
bronchus to each lung. The left bronchus can be seen in 
the figure, ])assing between the pulmonary artery {p) in 
front, and the pulmonary vein behind ; the three tubes run 
closely parallel forming the so-called root of the lung. 
Eacli lung [Ln) is a large elastic sack with numerous air- 
cells. I'lie size of the lung depends upon its degree of ex- 
pansion; when ent irely collapsed it is quite small, but it may 
easily lie blown up through the trachea. The heart {Ht) is 
mucli Iiroader Ilian in the frog or bird. We shall recur to 
its structure jireseutly. 

Below the trachea lies the much larger (esophagus, a cyl- 
indrical tube with luuseular walls. 1'ho (osopliagns termi- 
nates in the stoiuacli (/V), which, togotlu*r with the remaining 
digestive organs and the spleen, is drawn aside in the figure. 
The long and coiled iiit(‘stine can ho followed to the point 
where it pass(*s uiuh'r the oviducts {on!) and the bladder 
(/y/) to terminate in the cloaca, the external opening of 
wliicli is re])n'sented at CL The main mass of the elongated, 
gray, and mottled liver lies ii])on the int(*stine, Ix^ing turned 
so as to show its ra])lie {m), by which it is suspended from the 
peritomeum, the portal vein (r), and the rotort-like gall- 
bladder (tr) ; the gall duct passes through the body of the 
pancreas [Pan), an (dongated wdiitish mass resting ujxm the 
first coil of the intestine, the so-called duodenum. Alongside 
the panereas is tlie niiieh smaller dark oval spleen {Spy 

Tlie s])eeimeii figured is a female killed during the period 
of rejiroduetion. Tlie genital organs are therefore enor- 
mously developinl. Tlie long and prominent oviducts con- 
tained eggs already provided with a shell. The right 
oviduct is seen drawn out and suspended by a mesentery, a 
thin and transparent membrane with numerous blood ves- 
sels. The lower end of the oviduct is seen through the 
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mesentery, and contains three oval eggs, one of which is 
lettered Eg. The oviduct can be followed to its anterior 
end which is much pigmented and has a terminal opening. 
The cut-end of the left oviduct {ovd) shows the folds of the 
lining mucous membrane. 

The ovary (o) is likewise suspended by a thin membraii(‘, 
the mesovarium, and is equally developed on both sides in a 
complete specimen. It is easily recognized by tbe numerous 
bulging yellow' spheres, of all sizes, which arc the egg-yolks 
in various stages of development. 

The heart of the turtle (Fig. 447) wdll repay cai’ofiil dis- 
section. A small round body lies just in front of it ; this is 
usually considered llie equivalent 
through its real nature is still un- 
certain. The heart itself (Fig. 447) 
consists of two auricles and one 
ventricle (rc??), with an imper- 
fect internal septum. it receives 
the veins upon its <lorsal surface, 
and gives of! the arterial trunks 
from its ventral side. 1'be twa) 
auricles are equal in size ; together 
they a little more than (*<jual llu^ 
ventricle. The a,rt(‘rial vcss(ds arise 
together a little to tb(‘ right, and 
are most conveniently d(*s(*rilM‘d as 
three in number : 1st. The right 
aorta (7f Ao) arising on the left ; 

2d. The left aorta on the right 
( L Ao) ; the twa^ cross near tlnar 
origin and curve upwards and back- 
wards, to reunite posteriorly just in front of tin* retractor 
muscles, their union forming the single mediar} (les(‘ending 
aorta; 3d. The pulmonary aorta (/m), wdiieh soon divides 
into a branch for each lung. The left aorta gives off a 
branch (r/) which persists as a mere cord, the remnant of the 
ducftis arferiosus, which originally united tlie aorht with the 
pulmonary artery. The right aorta gives off an in nominate 
branch, that soon divides, and from each division springs 


of the thyroid gland, 



by C. S, Muiot. 
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the carotis {car), and subclavian artery of the same side. The 
veins are two in number, as they enter the heart : 1st. The 
pulmonary veins (;>?’) unite to form a very short trunk 
emptying into the left auricle; while (2d) the two venca 
cavm mperiore^ unite with tlie cava inferior ( V) to empty 
through the venoms into the right auricle. 

1’he kidneys lie at (he posterior end of the body against 
the v(‘rtel)ral column. In the hgiire they are concealed by 
the bladder and oviducts. (Minot.) 

Th(‘re are ahoiit forty s])e(‘ie8 of Chelonians in America 
north of Mexico. The lower forms of turtles are tlie marine 
Rpeeies. Such is tlu* great sea-turth* {Sphargi^ coriacen 
Gniy) of ih(^ Atlanti(; and Mediterranean, which is the 
largest of all i‘xisting hirtles, and is sometimes eight feet 
long, weighing from eight hundred to twelve hundred pounds. 
JsT‘xt to this spe(‘it‘S is the loggerhead turtle (TiKthissorlteJys 
caouana h'itzing('r), which is sometimes seen asli^e}) in mid- 
ocean, Still another is the hawk-hill or tort()is(‘-shell turtle 
{Eret morhehjs imhricata Fitz.), the plates of whose shell is 
an artieli‘, of eomnuua'e. The green-turtle of the West 
Indites weighs fnuii two hiindnMl to three hundr(‘d pounds, 
and is used for making delicious soups and steaks ; being 
caught at night wlum laying its (‘ggs on sandy shores. All 
the forc'going species have large, tlat, broad dippers or lin-like 
limbs, while in the pond and river tiu'tles the feet are webbed, 
and the toes distinct. A very ferocious s})eeies is the common 
soft'shelled turtle {Aspidonedes ,spinifer licsueur), whose 
shell is covered with a thick leathery skin. It is carnivorous, 
voracious, living in shallow muddy water, throwing itself 
forward upon small animals forming its }>rey. The snaj)- 
])ing-turtle ((liehjdra i^erpeniina Schweigger) sometimes 
becomes live had long ; its ferocity is well known ; the flesh 
makes an excellent soup. 

Tlie terrapins belong to the genus Psmidemys ; the pretty 
painted turtle ((Virgsemgs pida Agassiz) is common in the 
Eastern States, wliile the Eanemtjs guttatus (Agassiz), or 
spotted tortoise, is black, 8}K>tted with orange. In the land 
tortoises the feet are short and stumpy. The Testudo Indica 
of India is three feet in length. The great laud tortoises of 
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the Galapagos Islands, the Mascarinc Islands (Manritins and 
Rodriguez), and also of the Aldabra Islands, lying norihw(‘st 
of Madagascar, are in some cases colossal in size, tlu' slid Is 
being nearly two metres (six feet) in length. The iieree Mas- 
oarine vspecies were contemporaries of the dodo and vsolitaire. 
and are now extinct. The bones of extinct similar s])e(acs 
have been found in Malta and in one of tlie Wt'st Indian 
islands. Tlie land tortoises are long-livid and often reach a 
great age. Certain tortoises of the Tertiary Period, as the 
CohssocheJjfs oi tlie Himalayas liad a shell twelve fei‘t long 
and six feet high. Tlie turtles extend haek in g(‘oiogi(*al 
time to the Jurassic, a spicies of (^onfpsvinijs being char- 
acteristic of the Hpper Jnravssic beds of tln^ Ihu^ky Moun- 
tains. (Marsh.) 

ho eggs of turtles, us those of hii’ds. ui(‘ of largi? size; 
they are buried in Jniu* in tlie sand and h‘fl to he hiitdii'd 
by ih(‘ warmth of the sun. It is jirohahh* lliat. tnr(l(*s do iiol 
lay eggs until (deven to thirteen y<‘ars of age. d’la* d(‘vdoj)- 
inent of turth^s is nuudi as in tlu' diick. Uy l!u‘ tiim‘ the 
heart becomes ihree-charnhtacd, the Niaddnn* di'vdup as far 
as tlie root of llni tail, and the eyes an* eoniphaidy (aidosed 
in their orbits, d'he sliiidd begins t<> develop as lateral folds 
along the sidi's of the body, tla* narrow ribs extending to the 
edge of tlu! shield. In the lowia* forms of turtles (the 
CJieI()jtioidw)y the jiaddle-likc* f(*et ai'e fornu‘d by the bones of 
the to(‘ becoming very long, while the web is luu'dened liy 
the developmetit of densely jiaeked s(,*al(*s, so that the foot is 
nearly as rigid as the Idaile of an oar. 

Orderly, E/tyyKdiOfrphalia. —The only living r(‘()!*(‘senta- 
tive of this order is the Sphenod(ni or Uaileria of New /a‘a- 
land ; a lizard-like form of siinpha* structun*, howiniu*, than 
the lizards in general. This rare cr(‘ature somewhat re- 
sembles an iguana in ajipearaiuo, havitig a dorsal row of 
spines. It is nearly a metre (3:3 ineljos) in length. In ibis 
group the vertebral are biconcave ; the (juadrate bone is im- 
movable, and there are other important oliaracters based on 
a study of the living and fossil forms, the latter riijiresented 
by the TriiivSsic RhynchoHnurm and Hyperodapedon, 

Order 0. hlithyopleryyia . — This order is entirely extimit. 
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The Ichthyosaurs were colossal reptiles from two to thirteen 
metres (six to forty feet) in length, swimming in the ocean by 
four paddle-like limbs consisting of six rows of digital bones ; 





cri 

Flu. 44K. -Skull of Irhtfnfomnru'i \ lateral view. Pnij-, premaxillary Lone ; 
maxillai'i ; luiMul ; Fi\ froutal ; Prf. l)rcfrout».l ; Pi(i\ pohtfrontai ; Pd, parietal: 
X/, lachrymal ; M, malar; Oj, quailnitoj lie'll! ; Q, qiiadrnK* ; l\>h, iK)f‘torhital ; S(i, 
s<iuam(>?'al ; />. (lentary ; yl/ir/, aiijrular ; Jr/, articular ; P. Ar, Miburticular ; Pfer, 
plerygoid. — After ( kipe. 


the lioad was very largo, tlie neck very sliort, and iho orbits 
were enormous ; the vertebral wtu-o remarkably short and bi- 
^ concave. They were carniv- 

orous, ami ])owerfu] swinv 
mers, and common in the Ju- 
rassic se:is of Europe ; one 
form existed in the Jurassic 
times in Wyoming. 

Order 7. TJtcnnuovjiha , — 
This order is divided into the 
Pelycumurla and A porno- 
dontia. The beaked Saurians 
were somewhat lizarddik(‘, but 
were synthetic tyjtes. combin- 
ing tlie eharaeters of the leli- 
iiivosuurs, the turtles, the 
PpJienodop, with those of liz- 
ards, Dinosauriaus, and crocodiles. The skull was short, 
and in Diej/nodoo the jaws in front liad the nipping, horny 
beak of a turtle, wliile from behind in the upper jaw pro- 
truded two long, curved, canine teeth. Divynodoii tiyriceps 
Owen, liad a skull about half a metre (30 inches) long. 



Fltf. 44l>. view of the ^kull of 

Ichfhyo^atirits ; le..U*rinu as in Fig. 44:i 
with Ibllinvinu a-idi flout* ; Po, ba>iocci- 
pital ; Eu't). Exoccipital ; Sup. O, Hupra- 
occipital ; Om, opistbotic, ; S/ap, supra- 
8tai»ediul or hyoiuHudibular,— After Cope. 
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Another form was still more like tlie turtles, the jaws heiuf^ 
toothless and enclosed in a nippinc:. horny beak. In LyM^ 
irosaurus (Fig. 450) tlie head was blunt, the jaws armed in 
front with stout teeth, and behind with eaniiu' teeth ; and 
these animals, anticipating in their dentition the lions at»d 
tigers, were called l)v Ow(‘n Therifnlont.^ (beast4oothed). 
These forms lived during the Permian and Triassic times. 

Order 8. Sanropferjfijia, — I'he PIeKio,<iaun(s is tlu' tyj)e 





Fig. 450. — Skull of ronaurifM from (hipaVoUmy . nrofllc. Lettering 

as in Fig. 44:Jaml 414, wiih the follbuing addifionn : J^how, ethin(»v«)tueTinr ; WnA. 
spheiiod; />n). Prootic; J*Ur, Pterygoid; Vol, ('oJuinelJa ; AW;>, Kctoplcrygoid ; 
Subart, eubartieular l)one.— From Cope. 

of this extinct order. The Plesiosaurs were som(*what like 
the Icdithyosaurs, swimming by puddl(‘-l ike f(‘et, hut t he* neek 
was very long, and the head ratlier small. The larg(‘st true 
Plesiosaur was about nine metres in lengtli. They abounded 
during tlie Jurassic and Cretaceous period. During the lat- 
ter period of! the coast of Xew Jersey and in the seas of 
Kanstis flourished huge Plesiosaurian reptiles, such as Elm- 
mo mums, wliich ha<l an enormous compressed tail. The 
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yertebrae of E. platyurus Cope, of the New Jersey marl- 
beds, had verfcebne nearly as large as those of an elephant, 
while the creature was wiiale-like in bulk, the neck long and 
flexible, the paddles short. The skull was light, with a 
long, narrow, very flat muzzle It must have been the ter- 
ror of those times ; it was about fifteen metres (45 feet) 
in lengtli. (Cope.) 

Order 9. (Jrocodilia. — The crocodile, caiman, gavial, and 
alligator are ike types of this well-known group. They pre- 
sent a decided step in advance of other reptiles, the lieart 
approjichiiig that of birds, in having the ventricle completely 
divided by a se[)tum into two chambers ; the venous and arte- 
rial blood mingle outside of the heart, not in it, as in the 
foregoing living orders. 14ie brain is also more like that of 
birds, the cerebellum being broader than in the other rep- 
tile's. The nost rils are 
capable of closing, so 
that crocodiles and 
alligators draw their 
prey under the water 
and hold them there 
until they are drown- 
ed ; but they are 

Flj?. 4r*l.— Head of the Florida Crocodile. — After obliged to drag them 
iiorniulay. ashore in order to cat 

them. The skin is covered with bony, epidermal scales. The 
conical teeth are lodged in sock(*ts in the jaws. The vertebral 
are concave in front and convex behind, or the reverse ; the 
(jiiadrate bonii is immovable. The feet are partly webbed. 
The crocodiles and gavials appeared during the Jurassic pe- 
I'iod, but the early forms were marine and like gavials, the 
head being long and narrow in front, with biconcave verte- 
bra?. They lay from twenty to thirty cylindrical eggs in the 
sand on river banks. The crocodiles are distributed through- 
out the tropics, even Australia ; tlie gavials are mostly con- 
flned to India and Malaysia, and also Australia. The group 
is represented in the Southern States by the alligator (A. 
Misst\wppte7isi\^ Daudin). It is nearly four metres (10-12 
feet) long; while the Florida crocodile (O, acutm Cuyier, 
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Fig. 451) in wliich the jaws are ninch aurrower, is over four 
and a half metres (14 feet) long. It inhabits the rivers of 
Florida W'here it is very rare, and also the West Indies and 
South America. Tlie cayman of (hiiana belongs to a dis- 
tinct genus. Caiman, and is characteristic of the rivers of 
tropical South America. 

OrcUr 10. Dinosauria . — We now (‘ome to reptiles whiel) 
have more decid(‘d affinities as n^gards their skeleton (die 
only jiarts jireserved to ns) to the birds, (‘spoeially the os- 
trich(‘s, than any r(‘]>tiles yet nnmtioiu'd ; whih‘ die Dino- 
saurs were genuine rej)tiles, in the pt'lvis and liind limbs, 
including the feet, th(‘y aj>])roaeh('d the birds, ddiis is seen 
espoeiallyin t lie is<*liium, which is long, slemha-, and im'lined 
backwards as in birds. In the hind limbs di(‘ n'semblanci* 
to birds is sinm ; among other ]H>inls, in the as(a*nding pro- 
cess of the astragalus, in the position of the farlh(*r (distal) 
end of the tilnila, and in tluor having only three fimcdonal 
toes. The fore limlis w(‘re shorter and smaller than tln^ 
hind extremities, sonudinu's remarkably .so. Moreoviu’, the 
limb-bones, vert(‘bra‘, and tlnor processes were som(‘tim(‘H 
Jiollow ; tlu' sacrum consist(‘d of four or (iv(* consolidated 
vertebne, in this resjiect anticipating the birds and mam- 
mals. They walked with a free st(‘j), lik(' (jiiadrupeds, 
instead of crawling like rofitiles: some walki‘d on tlu^ hind 
legs aloiun making a thrce-toed footprint, occasionally 
putting down tin; fondoot, like tlu‘ kangaroo, ddie lar- 
gest Dinosaurs were the hfuaimhnu whitdi was from ten 
to sixteen metres (Jht-50 feet) in length, and the ('ama- 
rasnurus (Atlantosaurus) which was about tw(‘nty-seven 
metres (80 feet) in length. The Cefiosaurns had a length of 
from twenty to twenty-tliree metres (h0~7t) feel). Tint Jla- 
(Irosanrus stood on its ponderous bind legs, with a stature of 
over eight metres (25 feet). These were bulky, inoflensive, 
herbivorous monstens, able to rise up on tluar Idnd feet and 
browse on the tops of trees; their undue incnaiso was 
prevented by carnivorous forms like Lmlaps, which was an 
active, ix)ssibly Avarm -blooded Dinosjiur, with light, hollow 
bones, large claws, and serrate, conical teeth. It stood six 
metres (IB feet) high, and could leap a distance of ten 
metres through the air. (Cope.) 
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Still nearer the birds was the Compmgnathm ; it was 
only two thirds of a meter (2 feet) long, with a light bead, 
toothed jaws, and a very hmg, slender neck ; the hind limbs 
were very large and disposed as in birds, the femur being 
shorter than the tibia ; moreover, the fore legs were ver}' 
small. It is impossible,” says Huxley, ‘‘to look at the 
conformation of this strange reptile and to doubt that it 
ho])}>ed or walked, in an erect or semi-erect position, after 
the manner of a bird, to which its long neck, sliglit head, 
and small ant(*rior limbs must have given it an exti-aordi- 
nary reseinblanee.'’ 'riic so-called bird tracks of the Ti’iassic 
rocks of the valley of the Connecticut were all n‘|)tilian 
footpri!its, and without doubt made by Dinosaurs witli the 
above-mentioned atlinities to the birds. ddu‘S(‘ bird-like, 
colossal lizanls ap]>eared in the Jura-Trias Period, and be- 
came extinct in late (hH‘ta(‘eous times. 

Order ll. PfenfSdvvid.— 'Vhe forms of tliis order, rc])- 
rcsented by the Pterodaetyles, would lead one to infer that the 
group was still mon; bird-like than the Dinosaurs, and See- 
ley has showm that they have as many and im])ortant ])oints 
of similarity to that class as the preceding group. They are 
a sort of reptilian bats, forming links between reptiles and 
ilying birds, as the ])inosaurs (tonnect with tlu‘ ostriches, 
and it is in the hand and foot, which in birds are the most 
characteristically ornithic, that they resemble liie ornithic 
ty})e. They also apju’oach birds in tlieir long heads and 
necks, the jaws with or without teeth, the short tail, in the 
skull which is more I'ounded and bird-like tlian in other 
reptiU‘s, with large orbits, as also in the form of the brain ; 
while th(' jaws were ])robably, in ]»art at least, encased in 
h(u*ny beaks. The shoulder girdle was bird-like, and the 
sternum was kinded, hut the pelvis and limbs were like 
those of lizards, while the fore-feet were mneh larger than 
the hindiU’ ones, and the ulnar finger was enormously 
long and probably supported a broad membrane, connecting 
the fore and liiiul limbs, as in bats ; moreover, the limb 
bones were hollow, and air-eel Is were present, so tiuit 
these winged lizards could fly like birds or bats. The jaws 
of the Pterosaurs were completely toothed ; those of the 
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Rhamphorhynclius liad teeth in the back of tho jaw, the 
ends of the jaws being toothless and probably eiuaised in 
horny beaks, while in Pteraiuniou the jaws wore tootliless. 
They were of dilTercnt. size, some expanding onlv as miioli 
as a sparrow, others with a spread of al)out nine nnnres ('27 
foot). They w’ere contemporaries of ilie Dinosaurs, sevta-al 
forms, discovered by Marsli, occurring in the Cretaceous 
beds of Kansas, 


Class V. KEPTILIA, 

Air-hreathing Vt riihratf trifh Umhn Ksuii/fg ending in ehtirs ; iinibjt 
someiitnes ahncnt, ravel g paddle-Hlinped ; body scaled ; ribs icell d< velaped : 
heart i/ithe liifjhest forms four-chainhcred ; cold b/oodul ; <in incomplete 
double cireubftto 'I : tfriparoas ; eggs l<nye ; embryt irith an amuiai aud 
allantois ; no metamorphosis. 

Order 1. Ophidia . — Body lonti:, cvlindncul, ususilly liinldt’Hs; noslioul- 
d(‘r i^irdh*. (HulaMiiu.) 

Order 2. Pgt/wnomorpha. — Kxiiuct, Nnak(*-lik<\ JimUs pa^ldlo-Mliaped. 
(.M<»sa,Hauru.s. ) 

Order Ik Laeertilia. -- Body witli alon^tail; usual ly fourliinUs; luoutU 
not dilatabk^, tho bonosof thu jaw buin^ (iriu. (Sio'b'poriiH.) 

Order 4. Chelonm . — Ikxly enclosed in a tliick sbi ll, within wliicb the 
bead and iiiubs can withdrawn, ('rostudo.) 

Order 5. Rhgnchoeephalia. — kizard-like ; v(*rt(d)ra* bi-concavw*, speeien 
mostly extinct. (Si»h(;nudon. j 

Order (5. Jehthgopterygia , — Head lar^je, orbits large; limbs puddle- 
sliaped ; extinct forms. (lchtliy<i.sauruH. ) 

Order 7. Thertanorpha . — Mnrnmal-like saurians with hoVkI pelvis and 
sbouldor-girdle, and wiili canines, (tr toothless ami beaked. 
(Dicynodon.) 

Order'd. Sauropterygia . — Kxtinct colossal saurians, ^yitlt long necks, 
head of moderate size. ('KlasmoHaurus.) 

Order 9. Procodilbi . — Thick - scaled ; heart four-chambered. (Ooco- 
dilus.) 

Order 10. DinosauHa . — Colossal extinct saurians, capable of rising 
and nesting on the hind legs, and making lliree toed tracks. 
(Hadroflaurus.) 

Order 11. Ptei'osaiiria. — Extinct flying saurians, with the hire limbs 
large and a very long ulnar finger; toothed or loothlefls. 
(Pterodactyl us.) 
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Class VI. Avks (Birds), 

General Characters of Birds — We have met in the rep- 
tiles, especially in the fossil forms, many characters indicat- 
ing that birds ai*e by no means so specialized or so well 
circumscribed a group as was formerly suj)]>ost‘d. 8uch a 
rolationshi]) l)ctwecn tlie two classes has recently been still 
further exhibited by Mcnlt's discovery of Arch wop/ ert/x Ulho- 
(jrnphiva of ilie Solenlmfen slates of the Jurassic la^ds of 
Cermany, and by MarsJi's discovery of birds with teetli and 
biconcave vertebrie in the (‘retaeeous rocks of A'orth Ameri- 
ca. On account, ihercdore, of the close r(*lati(.>ns between 
birds and reptiles, Huxley has jdaeiai tlu‘se two classes in a 
series called S(nir(q).'<id(t, which may be opposed to tlie Jrh- 
fht/o/rsi(/(i (h'ishes and Hatrachians) on tin; om* hand, and 
the Afaitnoalio on tin* other, by the following charact('i's :-r- 

tSavr(fj)si(/iL — 'Fhere are no nianimary glands, ddierc is 
an aninicii and an allantois: (lit' species are ovi})arous or 
ovovivi])arons, witli r(‘j)r()ductiNe organs and dig('slive canal 
op(‘ning into a (*onimon cloaca, and Woltlian bodies replaced 
functionally by jH'rinanent kidiUTS, d’lan’o is no eor]>us 
callosum, nor c'oinpkue diaphragm. lb‘S])irat ion is cfTected 
by lungs, never by gills. The heart is two or three cham- 
bered, and there are usually two or thn^e aortic arches ; in 
birds but one ; there are red oval nucleated blood corpnseU‘S. 
The bodi(‘sof tlie verU‘bra> are <>ssified, but without Uuuninal 
epi])hyses. Tliere is a single convex, occi])ital condyle, in 
CHUinection with an ossified hasi-oc‘eipital. Tlie ramus of 
the mandible consists of several ]>ieees. Hie articular one of 
which is e()nnec‘t(‘d witli the skull by a quadrate bone. Tlie 
ankle-joint is between Hie proximal and distal divisions of 
the tarsus. The skin usually devel<>p(‘S scales or ft‘atliers. 

These imjairiant cluiraeters, derived from Huxley (as are 
many of those giviui beyond for the class Ares), may remind 
the student of tlie act mil aflTinities between birds and rep- 
tiles. The former art' distinguished from other Sauropsida 
by the following ]>eculiarities : — 

Ares. — The body is covered with featliers, a kind of der- 
mal outgrowth foimd in no other animals. The fore limbs 
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form wings, sorviceablo in nearly till eases for llight. Thore 
are never more than three digits in the hand, two of tliem 
usually much reduced, and none of them hearing claws 
(with rare exceptions); nor more than two separati^ car[>al 
bones in adult recent birds ; nor any scj)arate intorclavicle ; 
the clavicles ar(i normally comj)lete, and coalesce to form a. 

merry - thought." Tbe sternum is large', and usually 
keeled (the only exception among n'ct'ul forms la'ing tlie 
struthious birds); it ossilies frotn two to live or more centres, 
and the ribs are attached to its sid(‘s. The skull articulates 
with the spinal (column by a single median c(»nv('x condyle, 
developed in conneedion with a. large ossilit'd basi-oeeipital. 
The low(n' jaw' consists of s(‘veral ]ueci'S, articulat(*d by a 
quadrate bone to the skull, and in all ri'ci'nl birds both jaws 
are toothless and encased in a horny' l»eak. The bodies of 
at least some of the vertebr;e of rec('id- bir<ls havt' sub-cyclin- 
drical, arthadar face's ; wlu'ii tlu'se faces an' splu'roidal, tlu'y 
are opistliocoilian, but some f<»ssil fm-ms are amphiecelian. 
The ])ropt‘r sacral vertebra* bav(* no expanded ribs ahniting 
against tlic ilia, ddic ilia are gn-atly prolonged forwards; 
the acetahulmu is a ring, not a (uip ; tin* isehia and pubes 
are proloiiged backwards ; tlu'n^ is no ischial symphysis ; 
there maybe a ]>re])nl)is; a process of tin* a-tragaliis early 
anchyloses with the tibia. The. ineonip]et(* hhnhi doc'S not 
reach the ankle-joint; tlu're are not mon'. than four digits, 
the normal nnmlx'rs of phalanges of which are ‘h d, 4, d, 
Th(! 1st nu'tatarsal is incomplett! al>ov(‘; the :id, dd and 1th 
anclivlose togetlier, and witli llu' distal tarsal hone miit(' to 
form a tarso-metaiarsns. The lu-ari is comph'iely fonr-eham- 
bored ; t here is but om* aortic areli (tlu^ j’iglii), and ])ut oiu' 
pulmonic trunk from tiie rigid V(mlriei(^; (In; blood is rt'd 
and hot. ddie large lungs an* not free in the ('avity of tin* 
tliorax, but fixed and moulded to (lie walls of (hat, cavity; 
ami in all reexTil birds the !arg(T air-[)assages of tin; lungs 
terminate in air-sacs. More or fewiu’ of tlu* bones are 
usually hollow, and permeabh* to air from the lungs. Thenj 
is at most a rudiment ary diaphragm. Idn* eggs are very large, 
in conseqnenc.'e of a copious snp[)ly of albuminous snbslamc, 
in the form of yolk and wliite, and are emdosc'd in a bard 
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Fill. 1*V2— T()))i)L,Mrtpliy of a bird. 1. foivlicad : 2, loro; .*1, f Imimorular 

roirioii ; 4, c rowo ; 5, <>yi‘ ; (?, biTul hojul i<x-nput\ \ 7. lotpo {nurha) ; 8, hind 

nof'k ov rr/.n; p. -idc of Tu'ck ; 10, jiitcr-icapulnr region ; 11. or back proper^ 

iMohulini; 10 ; 12, unfirinn, or upper part of body proper, iiKliidinc 10,11 and 13; 
13, rump {uropt/tp M. upper tall rovertfii; 1.'), tail ; 10, under tail covert «» ; 17, 
tarnuH ; 18, abdomen ; IP, hind toe {hiV?u.r\ ; 20, fiminnun. including; 18 and 24 ; 21. 
outer or fourth toe ; 22, middle t>r third toe ; 2.3. kide of the body ; 24. breast 
23, primaries ; 20. secondaries ; 27. terfiaries. Nos. 23. 20, 27 are all 28, 

primary coverts ; 20. aluht. or ba.Kt.ard wing ; 30. greater eovt'rts ; 31, median coverts ; 
32, lessor coverts ; ,33. the “throat.” including 34, 37 ; 0 )d 3^; 34, Jufjulum, or lower 
throat; :i3, auricular.s ; 3ti, malar region; or middle throat; ^18. mentum or 

chin ; 30. angle of commisHtire. or corner of rnonth ; 40, ramus of under inau- 
dible ; 41. side of under mandible ; 42, g<niyt< ; 43, apex, or tip of bill ; 44, tomla. or 
etitting edges 4 r the hill; 15, rv/ww, or ridge of upiajr mandible, corresponding to 
gonya ; 4<i, side of upper mandible ; 47, nostril ; 48. jias.ses across the bill a little in 
ironi of its face.— B'roai Coues’s Key. 
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calcareous shell ; there is an amnion aiul allantois, and no 
metamorphosis after hatching. 

The external form of birds is very })ersistent ; the dilTen'nt 
parts of the body have been named in terms of (‘ontimial use 
in descriptive ornithology. Hence, without entering into 
details, we reproduce from Coues\s ‘*Key*' his tigure of the 
to})ography of a l)ird. 

The student, after a careful study of the extornal form, 
should ])repare a skeleton of thec.onimon fowl, or examine one 
already at hand, and observe those ciiaraeters pe(*uliar to birds. 
The skull is formed of bones consolidated into a, more roomy 
brain-box than in any re{)tile*s, unh‘ss it be tlie Pt('rosaurians. 
Ill the })arrots the beak of the upj)er jaw is articmlat(‘d (Fig. 
453, n) to the skull, so that the movement of the b(‘ak on the 
skull is unusually free. Tlie „ la 

usually movabh' on the skull ; 

inoutli opens tin* upper jaAV rises, 

siiHa* wlum (h(‘ mandible is low- f 

ered, the maxillo - jugal rod 

__ *' ' , I'm. Skull uT e«rto( t *-W, |vr«‘' 

or bar (Fig, 453, /) pustu's tlie nuixlllurv kom' rnsluntlud m Ikuh ; 

^ * 1 1 lH>m - ; t\ iu!iiulil»lt‘. tho 

])reinaxilla {’4'rl) upwards and ona r-ii<au>(«i with iiom; /. luaio. 

, riM • • i i i* 8«Hiaino>-ii! />tr(uuulii- niylc or mux 

lorwartis. 1 Ins is a. (tonsl.ant lea- iiio jimai i»»r ; </, post fr<uiiiii lumc; 

1 : liu-lirviUij) hoiic ; //, noHiril, bhow- 

tu 1 e in leeeiit oiids, tlu rk gi(‘(‘ itm uiso iIk* urticuiuUon oi tin- ioiho- 

nf nuUifin ^vlli^*l^ this! pe-muxillnry l>om- ; < , lx.m’; 

cn nioiion A>lll(n iniS ]H(Uliai ; i, t,a Ipilul bom:. - After 

nieeluinism allows being variabh*. 

The form of a bird's v(‘rttd)ra} is peeulitir to tlie ehiss ; the 
artieiihition of the liody (eentrnm) in all the vta’tehrm in 
front of the sacrum lieing stiddle-shap(‘(l. ‘‘In Sfriffaps 
and a few other land birds ; in the penguins, the terns, and 
some other atpiatic birds, one or more viM’tehi’a* in tla^ dor- 
sal region are without the saddle-sha])ed artienlation, and 
are eitlier ojiisthoeodian, or imjierfeetly hicom^ave." (Mtir.^h. ) 
In the fossil IrhihifarniSj Avliieh liad a ]>owerfnl flight, the 
vertebra^ are bi-coneave, as in tislies, and Aniphibijins, and 
a few reptiles ; but the third eervic'al shows an apjirotieli to 
the saddle - vertebra? of all other birds, d'lie saddle form 
renders the articulation strong and free, and espee.ially 
adapted to motion in a vertical jdano, (Marsh.) 
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While t])o sternum of the cassowaries and other struthious 
birds {Rat it (v) is smooth, approaching that of reptiles, that 
of the higlier living birds is keeled or carinate (Fig. 454, 
cAsj ; lienee these birds are called (Jari- 
natcB ; to this keel and neiglihoring jiarts 
the nuiselos which raise and lower the wings 
aix^ attached. 

’'Fhe fore limbs of birds (Fig. 455) are 
greatly modified to form the framework of 
tlie wings. In spreading and closing the 
Avings, the bones of the forearm slide along 
(‘ach otlier in a peculiar manner. ((Jones.) 
Hie ulna is usually thicker and longer than 
tlu‘ radius, and there ar(‘ only two carpal 
bones, one radial, the other ulnar, in adult 
recent liirds. Tlu^ hand in the Apterifx and 
PiiLr. 451 stciiinm cassowarics has but one complete digit, 
from in front; whilc ill otlior liifds thcrc urc three digits, 
1 ) 0110 .- After ooi'eu wliicli probably corros])ond to the lirst, 
second, and third fingers of the human 
hand. The wings arc attached to a strong slioulder-girdle, 
which consists of the two collar bones, uniting to form the 
wish*bou(*, and of a coracoid bone and scaiuda. 



Figj. 455. TUiilil iim 5oin*a of a yountf Chicken. .1, hliouldor ; if, elbow ; C, wri.st 
or carpus; A tip ol tliini linj^er ; a. huracrus ; 5, ulna; c^ radiiiB ; rf, scapholuiiar 
bone ; e, ciincifonu bont? ; /. f/. epiphysca of metacarpal bones 1. k, respectively ; A, 
metacarpal and its digit i.— rVom CoiuVsKey. 

The pelvis of birds is remarkable for the long slender back- 
wardly projecting ischium and pubic bones; there is generally 
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no bony union of the two pubic bones, nor do the iscdhii 
unite with the sacrum or each other, except in JiVtoa. In tin^ 
ostricli, the pubic bones are solidly united. liind limbs 

(Fig, 45G) are two, three, or four toed, the ostrich having 
but two digits ; in nu)st four-toed birds, one toe (tlu‘ hallux) 
is directed backwards, while in the ]>arrots and tnigons, 
etc*., there are two toes in front and two toc's bi^hind, and 
in the swifts and certain other forms all 
four toes are turned forwards, ddn* bones of 
the skeleton are dense and hard ; Ixuli tlm 
long bones and the lames of ibe skull ait' 

CO in nn )nly h ol I o w , eo n t a i n i n g a i r ; t b e a i r-sa c ‘s , 
in eoniicction with the lungs, communicating 
with the liolhjws of tlie Ikuh'. In soim* birds 
wltieh fly well, only tlie skull-bones have* air- 
cells, while in the oslrieh wbi(*b is unable to 
fly, the hones ha\'(‘ evem a greatc'r nimdier of 
cavities than the* gull, body during 

fliglit is thus greatly lightened, and the bird 
can sustain itself iu the air formally hours in 
succession. 

With all tliese eliaracTcU's, thc^ most re- 
markable' and diagnostic external feature is 
the presence of feathers: no r('])t.iU‘ on the 
oiH} hand, or mammal on the otlu'r, is(*lotlied 
witli feathers, tliougii the scales on the legs 
and fc'ct of birds are like those of reptib's, 
and it should be borne in mind that fcuithers 
are fundamentally modiflcMl scales or iiaii's. [pnur; />, tibiu : y', 
The ordinary featliers are calk'd iK'nna* ov 

* ‘ ph-ia- ami 

contour feathers ; as tliey determines by their * 

arraugomont the outline of the body. They k.. h, u- 

are, like hairs, devtdo]>ed in sacs in tlie skin ; 
the cjuill is liollow, [»artly imbedded in the derm ; this m(!rgcs 
into theshaft, leaving the outgrowths on each side culled hr/rfjK, 
which send off secondary proeosse.s callctd hnrhnle>^. These; 
tertiary processes (called barhules and booklets) are com- 
monly serrated, and end in little hooks by whicF the; har- 
bules interlock. Down is formc'd of fcaibc'rs with soft, 
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free barbs, called plumules. Over the tail-bone {coccyir) are 
usually seba(;eous glands, which secrete an oil, used by the 

^ bird in oiling and dress- 
l)reening’^ its 
feathers. In some birds, 
/ ^ (f u^ales of 

i V / ^ 1^‘dlinaeeous fowls, as 

turkey, tlie 

-/, head and neck are orna- 

X ^ )'\z! ' ^nented with naked folds 

^ _ . „ , of the skill cal le<l ‘* eombs^' 


Fig. 457. ” Rraiii of tlif lien. .4 . from alcove, ,, 

7i, from IhIou ; a, <>lf .clory IuiIIih , ct rr- JUld “ WatlI(\S. 
hral heniinfihcio^ ; r, (tpfic //, rro*!),*]- ^,,, , 

Imu ; f/', itH iHC'val piuts ; <>, medulla.-- AfK*r I llC I)1*U1U IS I 
CuriiH, fioiii (tetrriiljjuir. ,, • .i 


Imu ; f/MtH iae val piuts ; <>, medulla. Afu-r I llC hruiU IS niucil larger 
CuriiH, fioiii (.etreiil»aur. ,, • i /i 

than in th(' n'ptiles. ilie 
cerebral hcini.s|)]u‘n‘s ))(‘ing greatly increased in size, while 
the eerebellnin is transversely fiirrow(*d, and is so large as to 
cover the whole of the nu*- 
diilla, 'riie aliini'iitary tract 
consists of an o'S())diagiis as 

long as th(,‘ neck ; it dilates jV 

in the (loinestie fowl and other ^ g 

seed-eating birds, as wcdl as 

in the rajitorial birds, into a 3, 

lateral sac ealkal the crop (///- , 

(jlurivs). The stoinaeli is di- % 

’vidial into tw(^ parts, the first, ^ ^ 

the prorf'it/ rir}(/ ns\ which is 
glandular, secreting a digi'St- 


wliicli corres])onds toilu* pylo- 

rie end of the stomacli in the / \jyjj|/^ ^ 

mammals, is round, with mus- \ 

eular walls, osju-eially develo[>- ^|r\ a ' 

ed in seed-eating birds, and » 

called the ‘‘gizzard.'’ In the FIs. 458.— Thymns (/;o and thyroid iO 
, ,, - ^T-T 1 -1 plandt* of a younf? ha^vk, Biiteo vvlgaris 

fowl the gizzard is lined with dr Europe; fr, trachea.— After Gegen- 

a firm horny layer, by which 

the footl is cruslied and comminuted, thus taking the jdace 
of teeth. The intestine (including the large and small intes- 
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tino) is long and ends in a cloaca, which ivceives the ends 
of tlie urinary canals and oviducts. Attention sliould he 
given to tiio trachea; its hronehial In-anclies, tin* larynx and 
ih^f^yrinx or lower larynx, whieh may i)e developed (dtlnn- 
at the end of the trachea, or at the jnmaion of the traeiu'a 
and bronchi, or in the bronclii alone. The thymus gland 
(F'ig. 458, fh) is very large and long, wl)ili‘ the thyroid (/) is 
a small, oval mass situated at the hegnnning of t he bronchi. 

Tl)e following account and drawings of llu‘ anatomy of 
the pigeon have hemi })repar(‘d from original dissections by 
Dr. (’. S. Minot. As pigeons are one of the nu>st readily 
obtainable and convenient, types of birds, tin* following 
description of the anatomy of a male is givem as illustrative 
of the class, tlu^so pecn!iariti(‘s lanng espe(‘ially noticed by 
which birds are distinguished from r<‘ptiles and mammals. 

Before dissecting a bird, it must ])e car(‘fully jdueked ; 
this oju'ration is much facililat(Ml by dip))ing (ht^ animal in 
boiling water for a few minutes, ddu* limbs /ind muscles of 
one, ])est of ih(‘ ](‘fl, side are to bi' nunovi'd ; llu' }>()W'i‘rfui 
})ectoral musedes cut. otT (dos(' t.o tludr attachment to the 
heel of the br(‘ast-bone, and tlu' ribs thim cut away, care 
being taken to avoid injuring any of tlu‘ inttumal organa, 
most of which will now lx* disjdayed in sifu nearly as shown 
in Fig, dob, which repr(‘senis a disseedaon carried somewliat 
further. 

The skin big. *150, .A”, from th(‘ iu‘<*k) is <d)araeiA'ri/> 0 (l hy 
the preseiK'C of numerons ridges which cross one anotlmr, 
so as to enclose ipiadri lateral s])aces ; at the int-cn'si'ctions 
of tlie ridges are small pits in which th(‘ feathers are in- 
serted. 

Idle digestive canal begins in the horny hill witli tbree 
openings, one tlie large gape or month, and t.wo oldi((ue 
(dongated nasal clefts (m), tiirougli whiidi rcs}»iration is or- 
dinarily alone effected. It then extends backward under- 
neatli the base of the skull, where it splits into tin* o-soplia- 
gus and trachea, two largo tubes which run down the front 
of the neck, the oesophagus on tlie right and the trachea 
on the left. Just below the licad the trachea li(^s, in its 
normal position, in front of the ofsophagus, thougli in most 
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adult birds both tubes follow a symmetrical course, but ex- 
hibit a mock or secondary symmetry with regard to each 
other. The origin of the two canals is embraced by the 
hyo ideal! apparatus, one of tlie horns {cornua) of whicli ap- 
pears at //// ; the a])paratiis is too complicated to be de- 
scribed here ; it closely resembles that of reptiles, and is 
functionally connected with the rapid thrusting out of the 
tongue. In some birds, as, for exanijde, the woodpeckers 
and humming-birds, the horns are so developed as to curve 
round the back of tlie cranium on to the top of the skull. 
(Fig. 474). 

The trachea (7V) is composed of cartilaginous rings with 
intervening niem})rancs, and an external sheath of connect- 
ive tissue, which has been removed at Tr. It extends into 
the thorax, and is of nearly uniform diameter throughout, 
except at its low(‘r extremity, where, as shown in Fig. 450, 
it forms an (mlargcrnent, the syrinx or vocal chamber 
(L). found only in birds, hut wantitig in tlie ostrich, etc. 
(Ra/iffC]. storks, and (‘crtain birds of prey. The traehea 
tcrmitiates immediately behind the syrinx in two smaller 
brancljes, t he l)ronchi ( //;, each of wliieli ])asses into the 
lung (Lu) of the same side. TIio cartilaginous rings of 
the bronchi arc incomplete, the walls being ])artly formed 
by an elastic membrane. The rings of the trachea are ])e- 
culiarly moditied in the syrinx, whicli is furnished with ex- 
ternal mus(;lcsaud internal membranous expansions, serving 
to produce t he voice ; the muscles are the sterno-tracheal, 
furculo- or ehivi{*n1o-traeheal, and the proper muscles of the 
syrinx. A true larynx is present in the upper part of the 
trachea, hut is unessential to the formation of tlie voice. 
The trachea ])rosents tlexiiositios in various birds, usually 
more marked in the male than in the female ; in swans there 
is a great band wliieh extends into the hollow breast-bone, 
but the object of this disposition is unknown. 

The lungs (Fig. 459, Ln) are two large sacs, placed dor- 
sally in the anterior part of the body-cavity, but not suspend- 
ed freely in a short thoracic sac nor enclosed in a pleura, as 
in mammals ; they are composed of reddish spongy tissues, 
and are attached between Ihe ribs by connective tissue. 
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Each lung has upon its outer and dorsal surface five trans- 
verse depressions, corresponding to as many ribs. I'he 
bronchi and pulmonary blood-vessels enter together the 
anterior third of the lungs, and follow one anotlier in their 
ramifications, but the bronchus traverses the lungs, giving 
off numerous branches, and o])ens into the ahdoiniual air- 
sac, while ui)on tlie surface of the lungs then^ are small 
openings communicating with the remaining air-sacs. 
These structures the student had host tear thi‘ough and 
altogether neglect in his first dissection. Tiie air-sacs are 
thin-walled bags, nine in number : thret^ lu'ar tlu^ clavicle, 
four in the thorax, and two in tlie ahdomcn ; tindr ramifi- 
cations extend even into tlu‘ hones, most- of which arc ac- 
cordingly found to he iiollow. 'This striking oj’gani/al ion 
is one of the most characteristic ]>eculiarit ics of birds, and 
serves to lighten the body by filling large s])accs with warm 
air, besides fulfilling (‘erfain other less obvious fmiclions. 
In many chameleons ami some (ockos tlu^ hings ha\t‘ di- 
verticula or ofTslioots, which foreshadow th(‘ air-sacs of 
birds. 

The alimentary canal consists of seven parts : the (es- 
ophagus, crop, glandular and muscular st-omachs, hirgi* and 
small intestines, ami cloaca. 'J’hc (r^sophagns ('\t(‘iids about 
three fifths of the way down the right side of tin* neck, ami 
is approximately of the same diameter as ilic trachea, with 
regard to which, as Indore incntiomsl, it li{‘S symmef rically. 
It opens into the crop (CV), a thin-wallcd sac.*, which fills 
the triangular sj)ace between the huvse of the nc(;k ami the 
keel of the sternum, and form.s a large part of the curved 
outline of the breast. In the spcciimm figured, tlie hdt half 
of the crop has been removed to show the irngnlar folds 
upon the inner surface, the deep lateral [)ouc}i aaid f he 
three |)osterior longitudinal folds of one side, whiedi sm*ve 
to guide the food onward to the stomach. As sliown in 
Fig. 459, />, the crop (Or) ends just to the right of and 
above the trachea, in a dorsally-phucd, narrow tube, that 
reaches to the origin of the bronchi, and there gradually ex- 
pands into the glandular stomach, which cannot, however, 
be seen in a general dissection, while the heart, lungs, and 
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liver are still in situ. The muscular stomach or gizzard 
{St) of the main figure is represented very large, being 
distended with food ; it is sometimes found much con- 
tracted ; it is not sliarply separated from the glandular 
stomach, the two being in reality only the greatly modified 
anterior and posterior divisions of the same dilatation. The 
opening of the glandular stomach and the origin of the 
small intestine are near together upon the anterior border 
of the gizzard. The walls of this last organ are remarkable 
for the enormous development of the muscular layers, 
especially in the graminivorous birds, under which pigeons 
arc to he included ; tlic muscles radiate on each side from 
a central tendinous s])ace. The small intestine has nu- 
merous coils, in the first of wliich lies tiie pancreas {Fuji), 
very much as in mammals. The large intestine [R] is rel- 
atively short ; its (commencement is marked by two small 
diverticula, distinctive of birds.* These appendages are 
well deveJopcul in some species, as, for instance, the Onlli- 
nacrcp, while in the bustard they have been described as 
three feet long. (I(‘genbaur considers the o'sophagus, crop, 
and stomach to be derived from the fore-gut, the small in- 
testine from the mid -gut, and the large intestine from the 
hind-gut of the embryo. The cloaca {Cl) is the short and 
wid(med termination of the alimentary canal, and further 
receives four diucts, the two ureters ( Ur), and in tlie male 
the two V((s<i (lefvroitia ( Vd), in the female the two ovi- 
ducts. 

The digestive canal has two glandular appendages, the 
pamcreas {Fa)i) and the liver {Li) ; the former, as in 
birds generally, is ((uite large, whitish, and sends out a pro- 
longation, which extends to the spleen ; it has two ducts. 
The liver {Li) is very voluminous, dark reddish brown in 
color, and forms two lobes, which rest upon the apex of tlio 
heart and tlie gizzard, and conceal the glandular stomach. 
There is no gall-bladder, a somewhat unusual feature among 
birds, but there are two bile-ducts, the larger and shorter 

* Some snakes have a single diverticulum, as is said to be the case 
with herons. 
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opening into the upper part, while tlie longer duet, alter 
uniting with tliat of the ])iiiicreas, o])cns into the lower part 
of the duodenum. 

The length of the neck in birds is nev('r loss ilian the 
height at which the body is carried from the ground ; the 
number of vertebrm entering into its formal ion varies from 
9 to 24 (swan) ; in the ]>ige()n there twt'lvc', aec’ompanied 
by a corresponding number of s]>inal luu’ves, i lie bramhies of 
wliich may })e oliserved imrnediahdy underneatli the skin. 
The main mass of tlu^ ne(*k is eomjiosed of the \ertel»ral cob 
umn and muscles, the traelu^a and (eso])hagus. On (hther 
side of the base of the neck, in close jn-oximity to the trachea 
and carotid artery, is a small oval white body, tlu' iliyroid 
gland {Tr)y at first develojied as an (‘Vagination of the fore- 
gut, but afterward becoming a. closed and diietli^ss sac, 
wliiidi isfound in tluMiiajority of vinicbrates, but tlie nsi' of 
which to the organism is imtircdy unknown. Ahov<* lh(‘ thy- 
roid lie the eai’olid artinw and jngnhir vein, tin* main vas- 
cular trunks of the liead a,ml neck. Tie* right jugular vein 
is usually the largest. Along tin' side of t he nei-k. above 
the trae1i(‘a on llu^ left and the (esophagus on tiu' right, lies 
the elougah'd thymus gland (7b/), drawn somewhat dia- 
grammatical ly ; this gland forms ]»ari mf llu^ lymphatic, sys- 
tem, and in iniunti' structure r(‘send>les the splciai. 

^Jlio heart, (7//) lies imnu'diatidy Ixhov llu‘. lungs ami 
against the st(*rnuni, with its a])e.\ hclvvccn thi' two lobes of 
the liver pointing ohli([uely downward and backward ; it 
is enclosed in a thin membranous hag, the jimheardium, 
which is filled witli serous fluid and attaclusl to the roots of 
the main vascular trunks, '^fo study the heart, it must he 
excised, taking ilie greatest care to leave as iniieh as j)ossihl(‘ 
of the vessels, especially the large veins behind, in ('onncc- 
tion with it. Viewed from behind (Fig. loh, G), tlie heart 
is seen to be composed of four chambers, the two ant/Tior 
ones, the auricles, being the smaller. The left aurich* ree(‘iv(^s 
upon its dorsal side the opening of tlie united jmlmonary 
veins (/V), one from each lung ; the right auriek' is larger 
tlian the left, and receives in its upper portion tlu^ right vma 
fiyperior (F.srZ); in its lower portion the left i)mo. 
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cava superior (Ks), just above which opens the vena cava 
inferior {Vi). The two larger and posterior chambers, t]\e 
Tentriclcs, form the apex of the heart, and give olf the 
arterial trunks. Of the ventricles, the left ( Yen. s) is the 
largest, lias the thickest walls, and alone extends to the apex 
of the heart ; it gives off the aorta, a short trunk which 
divides into a riglit and left branch, from which spring the 
carotid arteries for the head and neck, and which continue 
as the sabelaviaii or auxiliary arteries A and A' for the 
wings. From tlie laise of the right branch A arises the 
large aorta (.lo), which turns around the bronchus of the 
sanies side, and runs to the front jind right of the vertebral 
column ilirougli the ahdonu'n, forming the descending aorta 
which givt'soff arteries to the intercostal and luinliar regions 
and to the viscera, and terminates in iicrural liranch to each 
leg. The rigid ventricht > !>//. </ . has miudi thinner walls 
than ifi(‘ loft ; from it arises the pulmonary aorta {l\t) 
wdiich soon ])ranches to (Mich side. 

Birds are distinguished from reptiles by having a four- 
charnbeivd luMirt a,nd a single jiermammt aortic trunk ; 
from mammals by the persistence of the right instead of 
the left aortic arch to form the aorta. Each auricle com- 
municates with the ventriele of the same side ; the con- 
necting ori lic.es are furnished with valves. The right 
aurienlo- ventricular vtdve is muscular in all birds, while 
the left is memhranons. 

The uro-genital organs lie dorsally in the liindcr part of 
the hody-cavity. The dark reddish brown kidneys (A7) 
consist, as in most birds, each of three lobes, the posterior 
being the largi'.st ; they lie immediately licdiind the lungs. 
The ureters {(h’) are vslightly curved, whitish tubes, which 
pass back from the kidneys and open into the dorsal side of 
the cloaca. The testicles (7h) are two large oval whitish 
bodies, each situated immediately behind the lung and be- 
low the kidney of the same side. The vasa defer ejit la {Vd) 
arise from the anterior and inner surfaces of the testicles, 
have a flexuous course, and, after forming terminal enlarge- 
ments, open separately into the cloaca, in front of the 
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ureters. In neither sex in birds are the genital duets pro- 
^dded with accessory glands. 

As usual among birds, the head is aj)j)roxi]iiately top- 
shaped. The eyes are yerv largo and iniieh (‘xpoai'd, as be- 
comes evident upon dissecting olT the skin as in tlie tigure. 
Tlie external ear is a mere (‘ircular o]>ening, onliroly covered 
during life by the feathers. The side of the cranium may 
be removed so as to expose the brain, with the large smootli 
cerebral liemisphcres (t/). tlie convolutetl cerebellum {Oh)^ 
and the much smaller medulla (.W). To si udy the brain 
satisfactorily, it must be removed from its ease. A view of 
it from the side is given in Fig. J. and a vi(‘\v from 
above in the same figure at />. Tlu'. }nc(1ull(( Mumjala 
{M) appears as hardly more than the enlarged upjxu* t'lul 
of the spinal cord : upon its dorsal surface there is a trian- 
gular dcjiression IV, the fourth ventricle, which is ])ar- 
tially coneeakxl liy i\\o (rrchclhnn a, larg(‘ mass mark- 

ed by transverse ridges and imjierfeetly divided inio tlirei* 
lobes, thus exhibiting, both in its size and its eom])lieat.i()n 
of structure, a great advance over the rc|>til(*s. rorpont 

quadri(fonii na {)v ((>) project, as two larger loix's far 

out on the. sides and down thehaseof tiu; brain ; tludr posi- 
tion and great size are cliaraidcrisi i(^ for tlu^ wliole (dass. 
The optic flialainij which intervem^ between the higemina 
and the hemisplieres, are relatively small ; they (melose the 
third ventricle and have a funnel-shaped downward exten- 
sion, to which the pituitary body is aUaclied, as to a stalk. 
The ce7*eb?'al lumiispheres {Hr) form more ilian half of the 
whole brain ; their Kurfuccs are entirely without convolu- 
tions, but each hemisphere lias a small proj(‘etion, the olfac- 
tory lolje (0/), upon its anterior and inferior extremity. 
The cavities of the hemispheres or the lateral ventricles are 
very large and extend also into the olfael.orv lobes. The 
greatly thickened inferior walls of tlie liemisphcn^s are 
termed the corpora striata. J^irds differ from mammals in 
having only a rudimentary /or and no corpus cffltosu oi. 
The description of the cranial nerves is juirposcly omitted. 


* Also called the optic lobes, middle brain, and mefteiicephalon. 
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Between the liver and the glandular stomach lies the 
small, somewhat elongated, reddish brown spleen. 

In birds, as in most vertebrates, several spinal nerves unite 
to form a bracliial plexus, part of which is sliown at 7>\ and 
whicli supplies the wings. Posteriorly, there is also formed 
a plexus, the lumbar, for the legs. 

'J'he inusc]{*s of ti)e limbs are much modified in accordance 
witli tlie pecailiar locomotion of birds. In connection with 
the ]>ower of llight, the sternum has a very largo kecd, to 
wdiicfv are attaclied the pectoral muscles. Y\\^ periorallii 
'major {J\) is the most external ; it arises from the outer 
half of tJio k(?cl and is inserted into the Immerus, and effects 
ih(‘ downward stroke of the wing. Tlie second jiectoral 
(prr/iu’ah's irrHas of some authors and tlie homologuc of 
tile comparatively insignificant subclavins of human anat- 
omy) arises from tin* in mu* portion of the keel, runs forward 
and outward, and, tajawing off. ]>asses through a gnaive be- 
tween tlie coracoid and stmuiuin, as over a ]>ullcy, to be in- 
seriisl into the Ininu'rus. Tlu* wing is raised liy its action. 
In tljc ostrich, ctcr. { fuff i far, the breast -bone lias no keel, 
and tlie disposition of the muscles of the rndinuuitary wings 
tlienffore dithu’s greatly from tliat here descrilied. (Minot.) 

'I'be ovary may be dist inguislu'd by t lie larg(Mm*i]>imit eggs 
forming the greater part of the mass. The right ovary is 
usually midevelopinl, but when partly formed, as in some 
liawks, th(' eggs do not mature. 

'^Idio “ whitt‘’' is deposited around tlie true egg in the upper 
jmri of the oviduct, while the sbell is secreted from glands 
emptying into the lower jiart of the duct. The eggs of 
birds an' ('normous in jiroportion to those of other verte- 
brate animals, except the lizards. The egg of the 
an extinct bird of Madagascar, is about a third of a metro 
(PU indies) in length, and as the egg is in reality a cell, 
this is the largest cell known. The development of the 
chick is better known than that of any other animal. It 
travels the same developmental path as other vertebrates in 
which an amnion and allantois are formed. About the sixth 
day of embryonic life the bird-characters begin to appear, 
the wings begin to differ from the legs, the crop and giz- 
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jsard are indicated, and the beak begins to develop. Bj the 
ninth or tenth day the feathers originate in sacs in the 
skin, these sacs by the eleventh day appearing to the naked 
eye as foatliers ; the nails and scales of the legs and toes are 
marked out on tlie tliirteenth day, and by this time the 
cartilaginous skeleton is completed, though tlie deposition 
of lime (ossification) begins on the eighth or ninth day by 
small deposits of bone in the shoulder-blade and limb-bones ; 
centres of ossification appearing in the head by the thir- 
teenth day. 

After the sixth day, Tniiscular movements of the embryo 
probaldy begin, but they are slight until the fourteenth day, 
when the embryo chick cJianges its position, lying lengtln 
ways in the egg, Avith its beak touching the chorion and 
shell mem])rane, where they form the inner Avail of the 
ra]»idly increasing air-chamber at the broad end. On the 
twentieth day or thereabouts, the beak is thrust through 
these membranes, and the bird })egiiis to breathe the air 
contained in the c]iam))r‘r. Thereupon the pulmonary cir- 
culation becomes functionally active, and at the same time 
blood ceases to ilow through the umbilical arteries. The 
allantois shrivels up, the. umbilicus becomes completely 
closed, and the chick, ])iercing the shell at the broad end 
of the egg Avith rc])eaicd hloAvs of its beak, casts off the 
dried remains of allantois, amnion, and cliorion, and steps 
out into the Avorld.'^ (Foster and Balfour.) 

Some young birds liaAo, as in turtles and snakes, a tem- 
porary horny knob on the upper jaw, used to crack the 
shell before hatching. In birds Avliich lay small eggs, with 
a comparatively small yolk, the young are brooded in nests 
and fed by the ])arent ; but in the hen and other gallina- 
ceous birds, in the Avading birds and many swimmers, as 
ducks, Avberc the yolk is more abundant, the young main- 
tain themselves directly on hutching. 

Following the business of reproduction is the process of 
moulting tbe old and Avcuither-beaten feathers. This is often 
a critical period in a bird's life, judging by the occasional 
mortality among domesticated and })et birds. The annual 
moulting begins at the close of the breeding season, though 
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some birds moult twice and thrice. The quill-feathers (rem- 
iges) are usually shed in pairs, but in the ducks {Anaiidtv) 
they are shed at once, so tliat tlieso birds do not at this 
time go on the wing, while the males put otT the higlily- 
colored plumage of the days of their eourtshi]>, and as- 
sume for several weeks a dull attire. In tlie ptarmigan 
both sexes not only moult aft(‘r the breeding st'iuson is 
over into a gray suit, and then don a wlnle winter suit, 
but also wear a third dress in the spring. In the nortlu*rn 
hemisphere the males of many birds put on in spring 
bright, gay colors. Other parts are also shi'd : for example, 
the thin, horny crests on the beak of a western ])eliean (/V/i- 
canus er'ijtlirorlnfnchus), after the breeding season, are shod 
like the Ijorns from the hi^ad of deer. bben the whole 
covering of the beak and other horny ])aris, like those 
about the eyes of tlie ]>unin, may also he rtgnilarly shed. 
The variations in the frequency, duration, and completeness 
of the process are endless. 

As a rule, male birds are larger and liave brighter (a)l- 
ors, with larger and m(»re showy (a)ml>s and watth^s than 
the females, as S(‘en in the domestic cock and lien ; and the 
ornamentation is largely confined U) tlu^ head and the tail, 
as seen especially in male hiimming-hirds, Mr. Diirwin has 
adduced a multitude of cxam])l(‘s in his ])es(amt of Man, 
Vol. 2. )Sometim(‘S, however, both sexes are (‘qmilly orna- 
mented, and in rare eases the feniah^ is rnon? highly (colored 
than the male; she is sometimes also larger, as in most birds 
of prey. There is little doubt that the liright eohirs of male 
birds render them more conspicuous and to h(‘ more readily 
chosen by the females as mates, for in birds, as in higher 
animals, the female may show a ])roference for or antipjithy 
against certain males. Indeed, as Darwin remarks, when- 
ever the sex(‘s of birds ditTer in beauty, in the ])owerof sing- 
ing, or in prodmang what he calls ‘‘ instrumental ninsit*,’’ 
it is almost invariably the male which excels tlio female. 

The songs of birds are doubtless in part sexual calls or 
love-notes, though birds also sing for pleasure. I’lie noh'sof 
birds express their emotions of joy or alarm, and in some 
cases at least the notes of birds seem to convey intelligence 
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of tlie discovery of food to tlieir young or their mates. They 
have an ear for mu:si(‘ ; some species, as the mocking-bird, 
will imitate the notes of otlier birds. The songs of birds 
can be set to music, Mr. X, Clark has ])ublished in the 
American ]S\Uuralist 'Vol. 13, p. 21) the songs of a number 
of our liirds. The singular antics, dances, mid-air evolu- 
tions, struts, and })ost,uring3 of different birds, are without 
doubt tlie visible signsof emotions which in other birds tind 
vent ill vocal music. 

The; nesting liubits of birds arc varied. Many birds, as 
the gulls. Jinks, etc., drop their eggs on bare ground or rocks ; 
as (‘xtremos in tiie series are tlie elaliorate nests of the 
tailor-bird, and the hanging nest of the Baltimore oriole, 
wliilc the woodjiecker excavjites holes in dead trees. As a 
rule, birds build their nests concealed from siglit ; in tropi- 
cal forc^sts Ihi'Y Ining them, in some cast's, out of reach of pred- 
atory monkeys and re])tiles. Birds nniy change their nesting 
haliits sunieiently to prove that, they luive enough reasoning 
powers to meet the exigmicies of llieir life. Parasitic liirds, 
like the (‘uckoo and cow-birds, Ijiy their eggs liy stealth in 
the lu'sts of other birds. 

The duties of incubation are, as a rule, performed by the 
feinnh', but in most Passerine birds and certain species of 
oth(‘r groups, the males divide the work with the females, 
and iu the ostrich and other liatifa^ the labor is wholly per- 
formed by the nudes. 

Then' are ])robal)ly from 7000 to 8000 species of living 
birds; tJray’s “Handlist’' enumerates 11,102, Imt many 
of tlu'se arc not good s])ecies. Of tlie whole number, about 
700 distinct species or well-marked geographical races in- 
luihit -North America north of Mexico. The geograpineal 
distribution of birds is somewhat complicated by their mi- 
grations. M'hile the hirger number of species are tropical, 
arctic birds are abundant, though most of them are aquatic. 
In the United States there are three centres of distribution : 
(1) the Athintic States and Mississippi Valley ; (2) the 
Rocky Mountain plateau, and (3) the Pacific coast. The 
migrations of birds will be treated of near the close of this 
volume. 
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While in former times existing birds -were divided into a 
large iuimV)er of orders/’ these arc now l<in>wn to be sub- 
divisions of tlie two sub-elassi's Jiatifw and ('(trinaiw, iiw^ 
pi'obabW in many eases should luuiored only witii the rank 
of sub-orders. The discovery of the Ar('hiPo])h'r}j.r and of 
birds with teeth and biconcaive vertebra* lias essiuitially mod- 
ified ])revailing vicovs as to the ('lassiliealion of birds. 

Snb-rlitxs 1. Sam'irrw. — The oldest bird. geologi(*al]y 
speaking, is the ArchiViipfcnjA' (big. 4(10) of the .Inrassic 
slates of Solenhofen, (Germany, 'riiis was a bii’d about the 
size of a crow, tin* tail being g'i cent. (S~0 inehes) long, but 
longer than the body, su])]>ort(‘d by many nuoalde vi-rtebnn 



Fig. 460.— oration of Arclmopteryx r)iacTura.--S.fWx Owvn, from NU'.1 \o1«(»m, 


and covenal with featlu'i's in distichous s(‘ri(*s. not in tbe 
sha])e of a fan. 1’ln* jaw-bones were long. aj»d contained 
coni(*al teeth. Tlic Inaid, shoulder girdle, and fort* liinhs, 
with their tlirtK* digits, were re]>tilian in form. (V'ogt. ) In 
these resjieets and in the long tail the en'atnre ser\e(l as a 
connecting link between the rejdiles, such as tbe bird-like 
Compmcfnaih}ifi^i.i\\<\ tin? existing hird.s. Idie Idnd h‘g.s arnl 
wings have the ordinary bird structure, though tin* metacar- 
pal bones were not eo-ossified : t he foot consist ed of th rr*e d igi ts. 

OdoniornilhesA . — Still another (amneeting link 
between tbe reptile.s and birds lias been dlseovm’ed by Marsh 
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in the upper Cretaceous beds of this country. The remains 
of Ichthyornifi indicate an ac^uatic bird about the size of a 
pigeon. The reptilian athuities are seen in the vertebrae, 
which, unlike tliose of all otluu- )>irds, are biconcave, and in 
the long, slender jaws, Avith stout, conical teeth held in 
sockets, as in the crocodiles. On the other hand, the wings 
were well developed, and the legs were of the ordinary bird 
type, the iuetaear[)al bones being co-ossifiod, Avhile the ster- 
num was keeled. In a second member of the group {lies- 
pei'ornis) ilie teeth were in grooves, the vertebneas in recent 
birds, the sternum without a keel, and the wings were rudi- 
mentary (Marsh). 

Suh-rlass d. Ixaiifcr. — This grouj), rej)res(nit(‘d Iw the kiAvi- 
kiwi, the moa, cassoAvary, and ostrieli, is cliaracterized ])y 
the smooth unkeeled sternum and the sliort tail ; the wings 
are nidimcntarv and tholiind h'gs strong, these birds (except 
Apteryx) being runners, and either of largo or, as in the 
extinct forms, of colossal size. 

The simplest form is the “ kiwi-kiAvi,’' or Apteryx of 
Ncav Zealand (Fig. 401), of which there are three or four 
species. It is of the siz(i of a hen, Avith a long slender beak, 
the nostrils situated at the end of the up]>or jaAv, while the 
body is covered witli long hairy feathers. The female lays 
only a single large egg. Avhich weighs one (pjarter as much as 
the bird itself, in a hole in the ground. It is a night bird, 
hiding by day under trei‘s. 

ddie giant, ostrich-like, extinct birds of New Zealand, 
called and rej)resented by several species, chiefly of 

the genera Dinoniis and Palttpieryx (Fig. 461), were sup- 
posed to luive b(‘eJi eoutemj>orarie8 of the Maoris or iiatiA^es 
of New Zealantl. Whih^ a fourth toe {hdllux) is present in 
the Apteryx, tl\e inoa-hird has only three toes. 

The largest of the moas, Dinornis giganteus of Owen, 
stood nearly three metres (h^^ feet) in height, the tibia or 
shin-bone alone measuring nearly a metre (2 feet 10 inches) 
in length. These moa birds belong to three genera : DU 
nornis with ten, Palaptenjx Avith throe, and Aptornis with 
a single species. 

Allied to the moa was a still larger bird, the Mpyornis 
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maximusy of MadagJiscar, supposed by sonic to bo the roc 
of the Arabian JSTights' Tales. Of this colossal bird, ronunus 
of the skull, some vertebra\ and a tibia (‘>4 (‘ont. long, bavo 
been found, Tbe single egg discovered is of the capacity of 
one hundred and fifty hens’ eggs. 

To this order belong tbe tbrc('-toed cassowaries of the 
East Indies and Australia, and th(‘ enuni of Australia ; both 



Fif;. PalapU i'yj'y with three Kiwi kiwi birdn.- Aft<'r lloi iistetter, from 

Teriucy’e Zoology. 

of these birds are about 2 metres (5-7 feet) high. The 
South American ostrich (Rhm Americdna) with tliree toes to 
each foot, is a smaller bird, standing 1*3 metres high, run- 
ning in small herds on the pampas. Tlie two-ioed ostrich 
{Struthio camelus Linn.), of the deserts of Africa and 
Arabia, now reared for the feathers of its wings and tail, so 
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valuable as articles of commerce, is the largest bird now liv- 
ing, being 2-2-7 metres (6-8 feet) high. It can outrun a 
horse, and lives in hocks. It lays about thirty large white 
eggs in a nest in the sand ; they are covered in the day- 
time by the hen or left exposed to the sun, while at night 
the male sits over and guards them. In Cape Colony, os- 
trich-culture has become an important business ; in 1865 
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there were only eighty individuals on the ostrieli farms ; in 
1875 there w^ere 32,247 ostriches, either free or in parks 
where Lucerne grass is cultivated as food for these useful 
birds. The South American ostrich is in Patagonia hunted 
for its feathers. During the Eocene Tertiary period a gi- 
gantic ostrich-like bird {Dktiryma Cope), twice as large as 
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an ostricli, lived in Texas and New Mexico, part of a lei^- 
bone having been found on the San Juan River. 

Suh-elass 4. Carinatm , — All (Jfiei* living birds belong to 
this group ; they are remarkably boim^geneoiis in hnin 
and strueture, and the. subdivisions may be regarded as 
orders. They are characterized by ihe keeltal breast-ifono 
or vsteriiuni — the Avings, as a rule, being wt‘11 (h‘vi4oped. 

The diving birds are eminent as swimmers, 

and comprise tlie penguins, auks, pullins. grebes, ami loons. 
The penguins are confined to the antan'tie n'gions. They 
are large birds, and form a characterist ie (denumt in a Pata- 
gonian landscape. The ])ones are solid, not light and lud- 
loAv, as in other birds ; the wings are small, ])addh'-like, 
wdtli scale-likc^ featliors : on slmn^ tlnw hav(' an awkward 
gait. They lay ])ut a single egg, and some sp(‘eies do not 
lay their egg on the rocks, but bear it about in a [)»)ueh- 
liko abrloininal fold. J’he ]>enguins, liowever, dilTer so 
mueli from llu^ other div(‘rs that tlnw are now often rankcal 
as a s(‘paj'ate group of tins gra(l(!, called Sp//r/fisri, 

T]u‘ guillemots and auks are (‘haract.erist ie ar<'t ii; ])ii‘ds 
ranging from liuhrador norlliward, and luive great- jaiwers 


of flight. The gare f()wl, or great 
auk (Alr<f hn.pcHiilx, Pig. is 
nearly or (juite exiim't, lading un- 
til lately eonlined to one or two 
inaccessihle islets near Iceland, 
Avhere it lias been extinct- since 
1844, and to Labrador, tliough 
formerly it range.tl from (Jape 
(Jod north war<1, a few survivors 
having lived on the Funks, an 
islet on the eastm'n coast of New- 
foundland, Avitliin jicrhaps thirty 
years. 

The loons are w^ell known for 
their large size and (j nick ness in 
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diving. They are migratory, laying two or three <ggs m 


rushes near the water’s edge. 

The petrels, gulls, and tern.s (Fig. 403, roseate tern) rep- 
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resent the group of long-winged swimmers {Longipenmi), 
Tliey have long, slender, compressed bills, long, sharp wings, 
immense powers of llight, and lay their eggs in rude nests 
on rocks or upon the ground. The most notable member 
of the group is the albatross {Diomedca exulanff) of the South- 
ern hemisphere. Its wings expand more than three metres 
(nearly ten feet). It lays a single egg 12 cm. long, and 
spends most of its life on the ocean far away from land. 
Ilie sooty albatross (/>. fuliginom Lawrence, Fig. 4G4), is 
occasionally seen on our coast. 



Fi*;. 4(J4.---Sooty Albatross.— From Coiio'^' Key. 

These birds are succeeded in the ascending scries by the 
tro}uc-])ird, frigate or man-of-war bird, tiie darter or snake- 
bird, the cormorants, pelicans, and gannets (Steganopodes), 
in which all four tot's are fully webbed, the web reaching to 
tlie tips of the toes, d'he body, especially in the pelicans and 
gannets, is buoyed up more than in otlier birds by a large 
number of much subdivided air-cells under the subcutane- 
ous areolar tissue of the body. 

The pelican is remarkable for the large, loose pouch on 
the under jaw, capable of holding several quarts, or several 
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hundred small fishes. In the East Indies, pelicans are 
tamed and used by the natives in fishing, jis is the cormorant 
in China, while in early times it was in England. 

The ducks and geese (Lamellirosires) have usually broad 
bills furnished with lamellate, teeth-like projections. Tlio 
feet are palmated, adapted for swimming rapidly. In the 
mergansers the bill is narrow and more strongly toothed. 
The eider duck {Somateria molUsmna) breeds from Labra- 
dor around northward to Scotland, plucks its down from its 
breast, building with it a large loose warm nest under low 
bushes on the sea-coast, where it lays throe or four pale 



Fig. 465 .— Summer Unck.- From ('onoK’ Key. 


dull green eggs. The canvas-back [Fulujuln vallimma) 
feeds, as its specific name implies, on the wild celery ( Val- 
lisneria) on the middle Atlantic coavst in winter, whence it 
derives its delicious flavor. The summer duck [Aix sponm^ 
Fig. 465) breeds in trees. The original source of our do- 
mestic duck is the mallard, or Anas hoschas. It is known 
to cross with various other species. Upward of fifty kinds 
of hybrid ducks are recorded, some of which have proved 
to be fertile (Cones). The black duck {Anas ohsenra) is 
abundant on the shores of Northeastern America, and is fre^ 
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quently brought into the market. The wild goose {Branta 

Canadensis) breeds in the North- 
ern United States and in British 
America. While i t usually breeds 
on the shores of rivers, it has 
been known in Colorado and 
Montana to nest in trees. Allied 
to it is the barnacle goose of 
Europe (Branta leucopsis)yyf\i\c\\ 
very rarely occurs in this coun- 
Fig ^. — Carolina liau. — From try. The Bwans are characterized 

( oues Key. i i 

by their long necks, the trachea 
or wind-pipe being remarkably long, especially in the trum- 
peter swan, where it enters a cavity in the breast-bone, 
makes a turn and enters the lungs, 
after forming a large coil. 

To this group, or next to it, also 
belong the flamingoes, the American 
flamingo (Phceiiicopteriis ruber) occur- 
ring on the Florida and Gulf coast. 

Its feathers are scarlet, its bill yellow, 
largo and thick, while the legs and 
neck are of great length. It connects 
the swimming with the wading birds. 

The foregoing group forms a division 
called the Naiatores or swimming 
birds. We now come to the Gralla- 
tores or wading birds, which have long, 
naked legs, and therefore long necks, 
with usually remarkably long bills. 

They are divided into cranes, rails, etc. 

{Alectorides), the herons and their 
allies (Herod tones), and the shore-birds, 
snipes and plovers, or Limicolm, 

The cranes, together with rails (For- 
Sana Carolina, Fig. 466) sometimes 
have lobate feet, the toes are often 
long, and in some forms, such as the 
coots and gallinules, there is an approach to the ducks. 
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Allied to the gallinules is the “ giant ** Or Gallinula {he- 
guatia) gigantm of Schlegel (Fig. 467), which formerly lived 
in the Mascarene Islands, having been observed as late as 
3 694. It stood two metres (over six feet) high. With it was 

associated a large blue galli- 
nulo — Porphyrio {Notornifi 
ccprulescens Selys — which was 
last seen on the Isle Bourbon 
between 1669 and 1672. It 
was incapable of flight, but 
ran with exceeding swiftness. 

The cranes are of great 
stature, the legs and neck very 
Fig. 4J8.— Long-blllod Curlew.— From long, with the head SOmctimCS 

curiously tufted. With the 
true herons are associated the night herons and tlio bitterns 
of the United States, the boat-billed heron of CVuitral Am- 
erica, and the odd BalcBmceps rex of Africa, wliich has an 
enormous head and broad, largo bill. The herons are sne- 
coeded by the singular spoon-bills represented by the rose- 
ate spoon-bill, and which, with 
the wood Ibis and other species 
of tliis group, adorn the swamps 
and bayous of the South Atlan- 
tic and Gulf States. 

The shore-birds, or the cur- 
lews (JVumenius loiigirostris. 

Fig. 468), plover, sandpipes, 
peeps, snipes {Gallinago WiU 
sonii, Fig. 469), woodcock, and 
stilt {Himantopus nigricollis^ 

Fig. 470), are long-legged, long- 
billed birds, going in flocks by 
the seashore or river-banks, 
sometimes living inland on low 

plains ; they are not, generally speaking, ncst-bnildcrs. the 
eggs being laid in rude nests or hollows in the ground. 
They feed on worms, insects, and snails, either })icking 
them up from the surface or boring for them in the mud or 



Pig. 4f;9."-A.rnerican Bnfmi.— From 
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Band, or forcing the vermian food out of their holes by 

stamping on the ground. 

Connecting in some degree 
the waders and gallinaceous 
fowl are the bustards of the 
Old World, certain strange 
exotic birds, especially the 
horned screamers represented 
by a very rare bird, the Pala^ 
medea cornuta Linn., which 
has sharp horns on the wings. 

The form of the gallina- 
ceous birds, formerly called 
Rasores, from their peculiar 
habit of scratching the ground 
for food, is readily recalled 

Fig. 470._stiit.-Frotn coue«' Key. ^ simple enumeration of 

the partridge, Oreortyx ((), 
piefus, Fig. 471), quail {(h'tifx)^ ptarmigan {Lagopiis, Fig. 
472), pinnated grouse or prairie hen {Cupidonia cupido), 
sage-cock, Canada grouse 
or spruce partridge {Te- 
trad), and wild turkey 
{Meleagris), as well as the 
exotic forms, the pheasant 
of the Old World, the use- 
ful hen or barn -yard fowl, 
which is a descendant of 
Galhis Bankiva Tem- 
minok, of India. These are 
allied to the argus-pheasant 
and the peacock, the latter 
rivalling the humming- 
birds in its gorgeous plum- 
age. The guinea-hen is 
an African bird. To this 
group belongs tlie curious Partridge.— From Coueft’ 

mound-bird {Megapodius), 

of Australia and New Guinea. It heaps up a large mass of 
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rubbish, forming a hot-bed, in which its eggs are loft to 
hatch. The megapods, together with the Americiiu guans 
and curassows {Cracidm)j form a sort of passage from the 
gallinaceous to the columbine birds. One of tlie most puz- 
zling forms for the systematic ornithologist to deal with is 
the hoasin of Guiana {Opisthocotnus cristatus llliger). lu 
this bird the keel of the breast-bone is 


cut away in front, the wish-bone unites 
with the coracoid bones, and also with 
the manubrium of the breast-bone, a 
thing of rare occurrence (Cones). 

In the tinamous of Central and South l 
A merica the tail-feathers are, in some Pi 
cases, entirely wanting, and the breast- 
bone and skull-bones have some anom- 
alous features. Most all gallinaceous 

birds of a higher Fig, 472 .~ WhlU!-tni]»‘(i PtHnnli'au (Lxf/opifii 
type, in which the in {Upjx^r ilKim) Mummer and (low(tr figure) winttir 
, , , If phimago. — From llaydfira Survay. 

knee and part of 

the thigh are free from the body, the leg being usually 
feathered down to the tibio-tarsal joint ; the toes are usually 
on the same level, being fitted for grasping or perching. 

The doves are rapid fliers, but a notable exception is seen 
in their extinct ally the Dodo {Didns ineptuH Linn.) of 
Mauritius, which became extinct on the island of Mauritius 
in the seventeenth century, while the solitaire, T>\dm (/V- 
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zophaps) solitarius Schlegel, inhabited the island of Ro- 
driguez, having been exterminated about the same date 
(1681). These were clumsy, defenceless birds, incapable of 
flight, and were destroyed by the domestic animals which 
accompanied the Portuguese voyagers to the Mascarene 
Islands, The doves and their allies now commonly form a 
group, called ColumhiB. 

The birds of 2>tey (Rapfor'es), comprising the vultures, 
buzzards, falcons, iiawks, eagles, and nocturnal owls, have 
a hooked and cered beak — i.e., with a waxy, dense mem- 
brane situated at the base of the upper mandible. The 
claws are large and sharp. The raptorial birds live either on 
birds and mammals, or fish, reptiles, batrachians, and insects. 
Of the vultures, the most notable for size is the condor of 
the Andes {Sarcorhampiis gryplius), which has great powers 
of flight, its wings expanding nearly three metres (nine 
foot). 

The carrion crow and turkey buzzard {Catliartes atratus 
and C. aura Illig.) are useful as scavengers, especially the 
former, which is partly domesticated in southern cities and 
towns ; they nest on the ground or in stumjis, and are more 
or less social. The ])al d-headed eagle {llaliaeius leucocepha^ 
lus) is dark-brown wdien young, and before shedding its 
youthful j:)lumage is larger than the white-headed adult. It 
nests on inaccessible rocky points ; is the sworn enemy of 
tlic fish-hawk, and, like it, fond of fish, often wresting its 
living food from the talons of the hawk. This species is the 
emblem of our country. The osprey or fish-hawk {Pandion 
haliaituii) is two-thirds of a metre long, nests in tall trees, 
and is migratory. Among the hawks, the most notable are 
the falcons or hunting hawks, used during the Middle Ages 
in hunting the hare, etc. ; in nature they chase their prey 
and kill it immediately, devouring it, and rejecting the 
bones and hair of the jiartly digested food in a ball from the 
mouth. 

The owl is a bird of the night ; its flight is noiseless, ow- 
ing to its soft plumage, the feathers having no after-shaft. 
It has large eyes and a hooked bill, giving the bird of Mi- 
nerva an air of consummate wisdom. Owls capture living 
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mice and other small nocturnal animals, ejecting from the 
mouth a ball of the indigestible portions of their meaL 
The little burrowing owl of the western plains (i'^pheotyto 
cunicularia, imr, liypogma) consorts with the prairie dogs and 
rattlesnakes, nesting in the holes when deserted. Their 
rusty, dull hues assimilate them with tlie color of the soil 
they inhabit. Our largest owl is the great gray owd {Syr- 
nium cmereum) ; it is nearly J metre (24 feet) in lengtl), and 



F4?. 478,— Carolina Parroqnet.— From (.V 


is an inhabitant of Arctic America. A visitor in winter 
from the Arctic regions is the snowy owl ( Nycfea nivea,, 
which is nearly J m., or two feet long. The great horned 
owl {Bubo Viryinimius) is about the same size as the snowy 
owl, but has two conspicuous ear-tufts, adding to its height 
and its general impressiveness as a bird of more than ordi- 
nary sagacity. 

Of more intelligence and gifted with the power of speech 
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are the parrots {Psittaci), The tongue is large, soft, and 
remarkably mobile, as the muscles at the base are more dis- 
tinctly developed than in other birds, and the lower larynx 
is complicated with three pairs of muscles ; hence these 
birds are wonderful mimickers of the human voice, imi- 
tating the laughter or crying of babies, and repeating brief 
sentences, while some sing. In proportion to their capacity 
for talking, parrots command a very 
high market price. Their toes are in 
pairs, the bill is cered and very stout, 
adapted for cracking hard nuts. The 
wish-bone is sometimes rudimentary, 
and the sternum entire, not notched. 
Parrots are monogamous, like the hawks, 
and nest in rocks or hollow trees. Our 
only parrot is the Carolina parrofiuet 
{Cojinrus Car'olinensis Kuhl, Fig. 473), 
wiiieh is common in Florida. It for- 
merly extended to the Great Lakes and 
to New York, but is nearly exterminated. 
About three hundred and fifty species 
are scattered through tropical countries, 
Australia and South America being 
esjiccially favored by these gorgeous 
birds. The ground parrot of New Zea- 
land does not fly, all the others being 

Fi); 474 Skull of gOOd flicrS. 

tiifaHvinnictncai po.si(ion ilie Picavicpf ii Bomewhat miBcelhi- 
ffU) DPous grou]) of birds. Comprising the 

' woodpeckers, the cuckoos, and allies, 
the swifts and humming-birds, con- 
nect the preceding groups with the Pas- 
serine or singing birds. From the hitter the Picartm com- 
monly diifer in the form of the sternum, in the less 
developed vocal ajjparatus, there being no more than three 
pairs of separate muscles, so that the birds are not musical : 
as well as in the nature of the toes and wing and tail 
feathers. 

The woodpeckers usually have pointed, stiff tail-feathers, 
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and the bill is straight and strong. The tongne is long, 
flat, horny, and barbed at tffe end, and can be usually darted 
out with great force, so that the bird can make lioU s \i\ the 
bark of trees and draw out the larvieof insects boring under 
the bark ; in this way those birds render us signal sorviec. 
The tongue, as in all vertebrates, is supported by the hyoid 
apparatus, especially by two cartilaginous appendages to the 
hyoid bone, called “ the horns. ' ’ These in iho woodpi'ckers, 
when fully developed, are curved into wide arches, each 
horn making a loop down the neck, and thence bending 
upward, sliding around the 


skull, and even down on the 
forehead. Through a peculiar 
muscular arrangement of the 
sheaths in which the liorns slide, 
they can bo retracted down on 
tlie occiput, and work as springs 
on the base of the tongue, forc- 
ing it out witli great velocity. 
Lindahl has noticed in some 
European woodpeckers an asym- 
metric arrangement of the horns 
as indicated in Fig. 474. 

The second group, the (Jaculi. 
comprise the hoopoes, horn-bills, 
kingfishers, toucans, and cuck- 
oos. These are suc(!eedcd bv 



the Cijpseli, embracing the bum- “ Ni«hiiuiwk. rn>n. 


ming-birds, goatsuckers, swifts, 

nighthawk {Chordeiles Vinjinianus, Fig. 475), atui whi]*- 
poorwill, which have long pointed wings, groat powers 
of flight, small weak feet, and, in the bunirning-birds, 


long slender bills. The latter are ])eculiar to America, 
being chiefly confined to South and Central America, only 
one species {TrorJiiluH noluhris Linn.j extending into the 


Eastern United States, though a dozen or more species oc- 
cur in the Western United States, and very many in Mexico. 

The highest group of birds, those wliich sing, are the 
Passeres or perchers. In these birds the feetai e adapted for 
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grasping, one toe projecting backward, while the bill is homy, 
nsaally sharp — conical, accordiif^ to Cones. Various as are 
the shape of the wings, they agree in having the great row 
of coverts not longer than half the secondaries ; the pri- 
maries either nine or ten in number, and the secondaries 
more than six. The tail, extremely variable in shape, has 
twelve rectrices (with certain anomalous exceptions). There 
is but one common carotid artery, and the sternum is very 
uniform in shape. Their high physical irritability is co- 
ordinate with the rapidity of their respiration and circula- 
tion ; they consume the most oxygen and live the fastest 
of all birds (Coues). 

There are two ^oups of 
Passerine birds, differing in 
the structure of the lower 
larynx ; in the first ( Clama- 
tores) the vocal organs are 
more or less rudimentary, 
the species not being singers, 
while in the second and 
higher division (Oscines) the 
lower larynx is so developed 
that most of the species ex- 
cel as singers. In the sing- 
ing birds the vocal apparatus 

KIlS. ««.-Kingblra.-Prora Cone.’ Key. Of loWCt krynX, is 

situated next to the lungs at 
the end of the wind])ipe, with a muscular apparatus formed 
of five or six pairs of muscles, whose action varies the 
tension of the vocal cords and narrows or widens the 
glottides, which are elastic folds of the mucous membrane. 
A fold of the tympanal membrane of the syrinx, called the 
memlrana semiluyiaris, projects inward. 

Representatives of the Clamatores are the Acadian fly- 
catcher, the wood pewee, the pewee or phoobe-bird, and the 
kingbird (Fig. 476). The last, sometimes called the bee- 
martin, Ooues tells us, destroys a thousand noxious insects 
for every l>ee it eats. The lyre-bird (Fig, 477) is also a 
member of this group. 
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This bird, with tail feathers so strikingly developed (Fig. 
477), is so peculiar among higher Passeres that it has been 
proposed to separate it, with certain probable allies, from 
all the rest. 

The Oscines are represented by a host of species. These 
birds stand at the head of their class ; and as they are mostly 



Fig. 477. —The Lyre-bird of Australia (jUfmvra 


of small size, it may be said of them that they excel in qual- 
ity, not quantity ; most of them sing, being highly wrought, 
exquisite winged gems. Among the most notable are the 
jays, including the magpie of the Rocky Mountains (Fig. 
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478), the crow, and blackbird, so useful a bird, notwith- 
standing its mischievous propensities ; the oriole, whose 



Fig. 47H.~Magple.— From Couch’ Key. 



Fig. 47D.--Bijfchor-l)5nl.— From Conw’ Key. 


hanging nest, brilliant colors, and lively song render it one 
of our most interesting birds ; while the reed -bird of the 
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South or bobolink, as it is called in tlie North, wakes up the 
meadows with his lively notes. The linchos with their 
conical beaks are succeeded, in the ascending scries, by the 
English sparrow, a bird useful in the cities in destroying 

canker-worms, but a nuisance in 
the country. Our song-sparrow 
(Melospiza fasciaia) is widely 
distributed, and everywhere 
commends itself by its pleasant 
notes. Quite opposed in its 
habits is the buttdicr-bird or 
shrike (Fig. 479), a (pnirrolsomo, 
rapacious bird, Avhich feeds on 
insects or small mammals, often 
impaling them on thorns or sliarp 
twigs, and leaving them there. The group of vireos or 
greenlets (Fig. 480) are peculiar to Ameri(‘.a ; their l)ills are 
hooked, witli a notch at base ; they are warblers. d'l)o wax- 
wing {AnipdiH redronrm, Fig. 481) is tlio type of an allied 
family. The swallows and 
martins are interesting from 
the change made in the nest- 
ing habits of tlie more com- 
mon species wbicli rear their 
young in artificial nests or 
in barns, or under the eaves 
of buildings. 

Another group character- 
istic of North America is 
the warblers, Dvndrmcn (J), 
virens, Fig. 482) being the 
representative genus. On 
the other hand, tlie larks 
are an Old World assemblage Fig. 4 hi. -Carolinu 
of birds, but few species 

occurring in this country, while tlie wrens (Fig. 483) are 
mostly restricted to America. 

The smallest bird in the United States, except the hum- 
ming-bird, is the gold-crested kinghd ( Regnlus mirapa 






P4f. 4®8.— “Winter Wren,— From Cones’ Key. 


mocking-bird, while at the head of the class in this country 
stands the robin {Ttirdiis migratorim Liim.). 
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Class VI.—aves, 

FeatTiered Vertebrates; jam encased in horny beaks in existing forms ; 
the fore-lmhs forming wings; warm-hlooded ; heart four^Juimhered ; 
lungs with O/Ccessory air-sacs ; the bones denser hollow ; ociparous / eggs 
eery large, cohered by a calcareous 

Subclass 1. Saururas. — Tail as long as the b(Kiy ; head and fore 

reptilian ; with feathers, scales, and teeth. (Archieopterjx.*) 
Sub-class 2. Odontoridthes. — Vertebrae biconcave, or as usual ; jaws 
slender, with teeth implantod in sockets or in grooves; meia- 
carpals co-ossified ; sternum keeled or unkeeled ; wings well 
developed. (Ichthyornis.) 

Sub-class 3. Ratitm, — Sternum smooth ; wings rudimentary. (Struthio). 
Sub-class 4. Carinates. — Sternum keeled ; wings well developed. (Tur- 
dus. 

Laboratory Woik. — The student should prepare a skeleton of a hen or 
any other bird, and compare it, and especially the skull and limbs, with 
those of a reptile and a mammal. In dissecting a pigeon or fowl, at- 
tention should be given to those points previously indicated in which 
birds diverge from reptiles on the one hand and mammals on the other. 


Class VII. — Mammalia {Mnnimuh). 

General Characters of Mammals.— In the mammals, which 
begin with the duck-bill, a creature in some respects re> 
minding us of the birds, and end with man, we observe, 
as compared with birds, an increased complexity of struc- 
ture ; and in the nature of the work done by the different 
organs, we may see a constant tendency to a development 
of parts headward, so that the head becomes large in pro- 
portion to the body, the brain increases in size, and the fore- 
limbs finally become hands, ministering to the intellectual 
wants of the animal. Also, as we ascend the series, the body, 
from being horizontal, with limbs adapted for walking on all 
fours, becomes finally in the apes semi-erect, in man wholly so. 

The greatest step in advance over the reptiles and birds 

* Vogt believeg that tbw is a bird like reptile ; a more perfectly pre- 
served specimen having lately been found, showing that the head and 
fore part i»f the body were more reptilian than Owen supposed. 
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is in the nature of the limbs, the stnicture of the head, the 
organs of special sense, together with the increased com- 
plexity of the teeth> and the size and complicated structure 
of the brain, particularly of the cerebrum and cerebellum. 

The more important (diagnostic) features of the mammals 
are the articulation of the lower jaw directly to the skull, 
the quadrate bone becoming one of the ear-bones (the mal- 
leus) ; there are two occipital condyles ; the teeth are differ- 
entiated into incisors, canines, premolars, and molars ; the 
body is covered with hair. The body-cavity is divided into 
two compartments (thorax and abdomen) by a large muscle, 
the diaphragm, so that the lungs arc separated from the ab- 
dominal viscera. From the four-chambered heart the 
single aorta is reflected over tlie left bronchus ; the blood is 
warm, with noil-nucleated cori)uscles ; the circulation is com- 
plete, the blood being entirely received by the right auricle 
and transmitted by the right ventricle io the lungs for aera- 
tion, whence it is after v.ird returned by the left ventricle 
through the system. Tlie brain is much larger than in 
birds, the cerebral hemispheres forming the bulk of the 
brain, and gradually, in different members of the ascending 
series, overarcliing and finally concealing from above the 
ecreliellum. ddie cerebral hemispheres are more or less 
connected (and in nearly inverse ratio) by an anterior com- 
missure and a sui)cri()r transverse commissure {coi'pua callo- 
tlie hitter more or less roofing in the lateral ventricles 
(Gill). Mammals are viviparous, the embryo developing 
from a minute egg, and the young after birth are fed by 
the mother with milk secreted in the mammae or mammary 
glands ; hence the name of the class, Mmimidia. 

Iveturning to the skeleton, which we may examine more 
in detail : the skull, as a brain-box, is much larger than in 
the reptiles and birds. The brain-cavity of Corypliodon 
and other extinct Tertiary mammals was exceedingly small, 
scarcely larger in proportion than in reptiles, and there is a 
progressive increase in size of the cavity of the skull in the 
more specialized descendants of this early Tertiary type, as 
seen in that of the horse, when compared with its Eocene 
progenitors. There is also a decided increase in the brain- 
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box of the monkey as compared with that of the lemur, and 
of apes as compared with monkeys, while in man the brain 
capacity is twice that of the highest apes. 

The different regions of the vertebral column are better 
defined than in the birds and reptiles ; this is seen in the 
cervical vertebrae, the number of which is usually seven. 
The exceptions to this rule arc few, there being six in one 
sloth {Ch()Ioppus)y eight or nine in another sloth {Bradypm), 
and six in the American manatee. Behind the cervical is 
the dorsal region, consisting of from ten to twenty-four, 
usually thirteen, vertebne, and the lumbar region, which is 
composed of from two to nine, usually six or seven, vortebne, 
and is marked off by the absence of movable ribs. The 



Pig. 48 “!.— Skull of the Lion.— After Owen. 


shoulder-girdle is not solidly united to the dorsal vertehrje, 
hut loosely attached by muscles and tendons. The pelvis 
— i,e., that portion called the ilium — connects witli a single, 
sometimes two, rarely three, vertehne of tlie sacral region, 
and the union of these vertehne with one or more caudal 
vertebrae forms an assemblage of consolidated vertebne, culled 
the os sacrum, which in the sloths, or Edentates, compris(!s 
eight or nine vertebrsB. The number of caudal verbihnv, 
in the monkeys may amount to thirty, in the long-tailed 
manis (Fig. 501) to forty, while in other mammals there may 
he less than this number, there being four retained by man 
and the larger apes, while in some bats there arc only 
three. 
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But it is in the limbs, and especially the feet, of mammals 
that the skeleton varies most, and always in accordance with 
the different habits of the creature. The limbs of mammals 
differ from those of the lower vertebrates in the fact stated 
by Gegenbaur, that the planes in which the angles of the 
limbs of either side are set are parallel to the vertical me- 
dian plane of the body, thus giving greater independence to 
the limbs, which now become supports for the body, since 
they raise it from the ground. Beside this, the angles be- 
tween the equivalent j^ortions in each limb do not agree 

with each other, as in the rep- 
tiles, but point in an opposite 
direction in the case of the fore 
and hind limbs respectively 
(Gegenbaur). As we ascend in 
the mammalian series, the limbs, 
particularly the fore-limbs, are 
variously modified. The limbs 
of whales are paddle-like, though 
the bones of the limbs are homo- 
logous with those of other mam- 
mals. The feet of the seal are 
w^ebbed, forming flippers ; it can- 
not support itself on its limbs, 
but the fore-feet have consider- 
able motion of the radius on the 
ulna. In the dog the fore-limbs 
have but little motion of the 
Fiff. 4as.-~Arm of the ThtimbicBB radius on the ulna, but the cats 
(Fenacp) liave more of this rotary 
motion, enabling them to grasp with the fore-foot. This 
rotary motion of the fore-arm, involving the modification 
of the fore-foot into a hand, is seen in the thumbless mon- 
keys (Fig. 485), and in those provided with a thumb, in the 
gorilla, and especially in man. The extreme of specializa- 
tion of all four limbs is seen in the horse, which has but 
one digit, and walks on its single toe-nail. In the bat, the 
ulna and radius are fused together as one bone, and the 
last three fingers are greatly lengthened. The liljeration of 
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the limb from the body becomes more marked as we ap- 
proach man. In the seal, only the wrist protrudes from 
the skin, the limb of the otter slightly more ; the horse's 
leg does not protrude beyond the elbow, that of the monkey 
projects two thirds of its length, while in man the limbs 
become wholly free from the trunk (Wyman). 

The hairs originate in minute sacs wliieh extend from the 
epidermis into the cutis ; from the bottom of this inpushing 
of the epidermis grows up the shaft of the hair, wliich is 



Fiff. 486. —DIaffmro of the development of the nipple ; vertical section, ajperlphery 
of the glandular area (b ) ; ffl glands. A, form of the gland in Echidna ; J?, Us form 
in raoet mammala ; C, its form in some ungulatOB, as tlie cow, marc, etc.—AfUn 
Gegenhaur. 

surrounded at the base by the cellular wall of the hair-sac 
forming the root-sheaths. The spines of the porcupine, the 
scales of the Manis, of the armadillo, of the tail of the rat, 
are modified hairs, all developing in the same manner. 

Many mammals, especially the ruminants, as the deer, ox, 
rhinoceros, etc., are armed with horns. There are two 
kinds, those with a bony core surrounded witli a homy 
epidermal case as in the deer ; while in others, as the ante- 
lopes, sheep, goats, and oxen, the horns are hollow ; hence 
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they are sometimes called Cavicorns, In most horned 
mammals, the horns are persistent ; in the deer they are 
dropped annually ; in the prong-homed antelope (Fig. 487) 
the horns are also shed annual!}'. 

The mammary glands are modifications of the tegument- 
ary glands which are found in ail vertebrates except fishes. 
In the duckbill and spiny ant-eater (Echidna), these glands 
retain their simple elementary nature. In all others nip- 
ples are developed (Fig. 486). They correspond in general 
to the number of young in a litter. 

The dentition needs careful study in connection with the 



iiornf.d AuttjlojK!. Fiji'. 489. — Skull of u Porcupine.— After Owen. 

fossil remains of mammals, as the different orders are char- 
acterized in great part by the differences in the form and 
number of the teeth, which are intimately correlated with 
the structure of the digestive organs and the nature of the 
limbs ; thus while vertebrse are useful in identifying or re- 
storing fossil reptiles, the teeth are especially serviceable in 
classifying fossil mammals. Some existing forms are en- 
tirely toothless, as the duckbill, where the teeth are repre- 
sented by horny plates, and the ant-eater (Fig. 488), AYhile 
the sloths have no incisors, these are present and very 
large in the rodent.s, but the canines are absent (Fig. 489). 
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In the elephant the upper canines form the tusks, tlie eor* 
responding teeth of the lower jaw being absent. In many 
teeth, as those of the deer (Fig. 490), the 
crown of the molars is quite convex, with 
crescent-shaped enamel areas. The canines 
are large and sabre-shaped in the cat fam- 
ily, while in the pigs, especially the baby- 
roussa of Malaysia, tlie upper pair curve 
upward and backward to the forehead. 

The premolars and molars have two or 
three roots or fangs ; in none of the lower 
vertebrates do the teeth have more than 
one root. 

The organs of sense are much developed, especially the 
ear. The quadrate bone of the reptiles and birds, which is 



Pig. 490.— Crown of 
tho tooth of H (ioer, 
showing tho eimiruO 
e r o HC 1‘ u t H Af lor 
Owon. 



Fig. 491.— Diagram of tho labyrinth of the oar In /, the flah, //, tho birO, and Iff, a 
mmnroal, U, utriculuH; S, wiccnlnp; VS, utrirnhiK uod Hju ruluh: (V'. cutmlit' n’litilcoH ; 
21, roceiSHiifl Iftbyrinthi; comnu nccmt'ot of tho cor h low. f/, Z,. lugmu; A', ro'onl 
ttac at the apex; C, coecal eac of the ve»tlbuluiu of the cochieur caual. - After Wul- 
deyer, from Gegenbaur. 


large, external, and suspends the lower jaw to the skull, now 
becomes minute, internal, and forms one of tlie internal 
bones {mallem) of the ear. The labyrinth of the ear, 
largest in fishes, is smallest in mammals. The cochlea 
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(Pig. 491, (7) is greatly developed in the mammalia, while 
the external ear now appears. This is a prolongation of 
the edges of the first branchial cleft of the embryo. There 
is, however, no external ear in the Monotremes (duckbill). 
It is also absent in whales, the Sirenians or sea-cows, in 
most seals, and is very small in the eared seals {Otaria), 
The eye of mammals is not essentially different from that of 
the lower vertebrates. 

The general anatomy of the soft parts of a mammal may 
be studied by dissecting a cat, with the aid of the following 
description and drawings prepared by Dr. C. S. Minot : 

Fig. 492 illustrates the general anatomy of the cat ; the 
skin and right half of the body-wall have been removed. 
The body-cavity is divided into an anterior and posterior 
division by a transverse arched partition, the diaphragm (i>), 
composed of a thicker peripheral muscular portion and a 
thinner central tendinous part. Through the latter pass 
the great blood-vessels and the cesophagus. The anterior 
chamber is the thorax or pleural cavity, and contains 
the respiratory organs and heart. To show these, the 
right lung has been removed. The heart (///) was en- 
closed in the thin-walled pericardial sac, which has been 
cut away. The great systemic veins enter from behind — 
i.e., dorsally ; from below the vena cava inferior y passing 
up through the diaphragm and uniting opposite the heart 
with the large vein, cava super lor, V, from above, the two 
emptying into the right auricle. The oesophagus {Oc) 
overlies the tracliea (Tr). The aorta arises from the heart, 
and, curving upward and backward, runs to the left of 
both trachea and oesophagus, as indicated by the dotted 
lines, and continues its backward course just below the vena 
azygos, into the abdomen. The trachea gives off a bronchus 
to each lung {Ln). The lungs are sacculated elastic organs, 
with no main central cavity. They are separated dorsally by 
a thin median vertical membrane (3/), the inediasiiminiy the 
equivalent of tlie mesentery in the abdomen. Lying on the 
side of the vertebral column can be seen i)art of one of the 
two chains of sym 2 )athe(ie nervous ganglia [S). 
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The abdominal cavity contains the principal reproduc- 
tive, excretory, and digestive organs. The oesophagus ter- 
minates in the stomach almost immediately below the dia- 
phragm. The stomach (St) occupies a transverse position, 
its larger (cardiac) end, which receives the oesophagus, lying 
on the left, the smaller (pyloric) end on the right. The 
pylorus has a sphincter muscle which can completely close 
the orifice. The stomach is followed by the long intestines 
(In), most of which have been removed, leaving a sliort 
piece in front. The posterior portion of the intestine is 
somewhat dilated, is called the colon, and passes into 
the wide terminal rectum (Red), The whole abdominal 
portion of the intestinal canal is suspended from the me 
dian dorsal line by a thin membrane, the mesentery, which 
forms several folds, the most striking of which is the omen- 
tum or grand epiploon (Om,), This fold, when in situ, 
hangs down from the stomach like an apron, covering over 
the intestines ventrally. Upon opening the walls of the 
abdomen, it is the first structure met with. It usually con- 
tains a great deal of fat. Its principal function is supposed 
to be to prevent the loss of heat. The omentum is present in 
all mammals, but is least developed in Cetaceans, being most 
prominent in Carnivora and ruminants. Connected with 
the intestine are two glands, the liver (Li) and pancreas. 
The liver is large and lies directly underneath the diaphragm. 
The elongated light-colored pancreas lies alongside the front 
end of the intestine (In), or so-called duodenum ; in its 
microscopic structure it resembles tlio salivary glands. The 
spleen is closely connected with I he stomach, and is of an 
elongated shape, as in the majority of the Mammalia nmu)- 
delphia. 

The kidneys (Ki) are large and oval, and lie on cither 
side of the vertebral column ; the aorta passes between 
them, giving off a renal branch to each gland. A deli- 
cate ( Ur/) passes from each kidney obliquely across 

the rectum to the large flask-shaped bladder (Bl). A 
urethra (Ur) arises from the bladder ])OsteriorIy and 
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opens in the female immediately below the anus, hut in the 
male enters the penis. 

The ovary (Ov) is small and is placed near the open end 
of the onduct or Fallopian tube, which can be seen in the 
figure extending alongside the rectum above the bladder. 
The two oviducts [Oml) nniie posteriorly to form the uterus 
{IJt). 

Fig. 492, II., is a median longitudinal section of the brain. 
The spinal cord passes into the medulla oblamjata {M), over 
wliich lies the large cerebellum {Ch)y and the small corpora 
quadrigernina (Q). In front is the large cerebrum {O) and 
the small olfactory lobe {L), Fig. 492, III., is a diagram of 
the eye (see explanation of the figure). 

By carrying the dissection further, the student will be able 
to examine tlie tongue with its papilla3 ; the epiglottis at 
the back of tlio moutli in front of the trachea ; the larynx, 
a peculiarly modified portion of the trachea in the nock, 
with two elastic bands stretched across its interior ; the 
bands or vocal cords may be set in vibration by a blast of 
air from the lungs. The heart may also be dissected fur- 
ther to find the origin of the pulmonary vessels, and to 
make out the four divisions or chambers. (Minot.) 

The eggs of mammals are exceedingly minute, j)artly owing 
to the small quantity of yolk in them ; the eggs of the few 
which have been examined are about a quarter of a milli- 
metre (yJ-j — inch) in diameter. In the duckbill the egg 
is large and with more yolk, like those of birds, being about 
five millimetres in diameter. Mammals are divided into 
non-placentals and placentals, according as the embryos are 
surrounded or not with a or “after-birth.^' This 

organ is a development of the allantois, serving as a means 
chiefly of nutrition, being filled with blood-vessels leading 
from the walls of the womb of the parent, and also acting 
as an organ of respiration, and to carry oil the efiete pro- 
ducts by means of the maternal circulation. 

Mammals may be born helpless and only partly developed, 
as in the Marsupials ; or oapaole of locomotion and sucking 
milk, as in the calf or colt ; or helpless for many months, 
as in human infants. The changes in the form of the body 
after birth are much less, on the whole, than in the birds. 

The sexes differ externally in size and ornamentation. 
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Darwin calls attention to the fact that in mammals the male 
wins the female rather hy the law of battle than by the dis- 
play of high colors and attractive ornaments. During the 
breeding season, de»perato contests take place between the 
rival males ; even the males of the timid hare will at such 
times fight until the weaker is killed ; so moles, squirrels, 
horses, male seals and male sperm-whales, whose heads are 
larger than in the female, and beavers, will light desperately. 
It is a rule that the males of such animals as are provided 
witli tusks or horns always fight for the possession of the 
female. It is so with bulls, deer, elephants, boars, and rams ; 
at the same time these are organs of defence by wdiich the 
males protect their family, flock, or herd. On the other 
hand, in the female rhinoceros, some antelopes, the reindeer, 
as opposed to the other deer, some sheep and goats, ct(*., the 
liorns are nearly as well develoiied as in the opposite sex. 
The modes of attack are various : the ram cliarges and 
butts with the base of his horns, the domestic bull gores 
and tosses any troublesome enemy, while the Italian buffalo 
is said never to use his horns ; ho gives a tromendons blow 
with his convex forehead, and then tranqiles on his fallen 
enemy with his knees. Darwin also says tliat male quad- 
rupeds with tusks use them in a variety of ways ; thus the 
lioar ‘‘ strikes laterally and upward, the musk-deer with 
serious clTect downward,’’ wliile the walrus can strike either 
upward, downward, or sideways wdth eiiual dexterity. 

The males are usually larger when tliere is iiny difference 
in size ; this is seen in the eared seals, especially tkillorhimis 
in the ox, Indian buffalo, and tlic American bison, 
as well as the lion. The mane of the hitter adds to its ap- 
pearance of greater weight and bulk, and Darwin says that 
the lion's Tiuiiie forint a good defence against the one 
danger to which lie is liable — namely, the attacks of rival 
lions.” As regards distinctions in color, male ruminants 
are most liable to exhibit them. In the Derbyan eland the 
body is redder, the neck mucli blacker, and the wliite band 
separating these colors broader than in the females. In the 
Cape eland the male is slightly darker than the female. In 
the Indian black-buck tlic male is very dark, almost black. 
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while the female is fawn-colored : maleaiitelopcsare b1ack('r 
than the female. The Banteng l)iill is almost black, while 
the cow is of a bright dun. Among the lemurs the male of 
Lemur macaco is coal-black, while the female is red<Ush yeh 
low. The sexes of monkeys differ much in coloration. Cei” 
tain male seals, bats, rats, and squirrels have brighter colors 
than in the opposite sex. On the otlior hand, tiie female 
Khesus monkey is adorned with a brill iaiii red naked ring 
around the tail ; this is wanting in Ihe male, wliieli, liow- 
cver, is larger, with larger canines, more busliy whiskers 
and eyebrows ; and Darwin states that in monkeys the males 
usually dilfer from tlie females in the development of the 
beard, whiskers, and mane.’’ 

The vocal organs of mammals are, in gtmeral, eonsi riu'ted 
on the same tyi)e, 'Ilie larynx is form(‘d by a modiliijation 
of the iip])ermost ring of tln^ iraehca, ealltMl tlu^ cricoid car- 
tilage, to the anterior and dorsal edges of which two anjicuoid 
cartilages are attaelied, whik^ a \'-sliape(i iinjrcid ('artilag(', 
open behind, is attaelied to its side. Hie vocal vords^ whiih 
are moditied folds of tin* miieous membrane lining tlie 
traebea, are streteluMl between the arytmioid and thyroid 
cartilages, the slit lietween tlumi lunng called t In^ (jloitir, 
wliich is covered by the rjii(/hd( is. Thus, in mammals the 
organs of voice are situated Jiiniost solely at, the iij)])er end 
of the trachea. In the wliales the vocal chords are not de- 
veloped. The male gorilla., which has an (ixe.eedingly loud 
voice, as well as tin' adult male orang and the gibbon, is 
provided with a laryngeal sac. Jii tlie bowling monkey 
{3fj/cetcs) of Brazil, the hyoid a])})aratus and larynx are re- 
rnarkaldy modilied, the body of the formei^ bfiing ehiniged 
into a large bony drum or air-sac. eomniunic^ating with tin* 
larynx. Tlie vocal organs an^ a tliini larger in the jnah\s 
than in tlio females. “ The males begin the dreadful (con- 
cert, in whicli the females, with their less ])ow(‘rful voices, 
sometimes join, and whi(;h is often continued during many 
hours (Darwin). Tlicy apparently howl, as birds sitig, 
for the simple pleasure of the tiling. Apparently, the most 
musical mammal, man exce]iie(l, is a gibbon {flylohatPH 
agilis), which can sing a comi>leto and correct octave of 



570 


ZOOLOGY. 


musical notes '' (Martin ex Darwin). While quadrupeds 
use their voices as alarm most of the sounds are pro- 
duced by the males, es])e(*ially during tlie breeding season. 

Animals are mutually attracted or are individually pro- 
tected from the attacks of other species by odors. The 
scent-bags or odoriferous glands secreting a fluid differing 
in consistency in different animals, are situated near the 
base of the tail, as in the skunk, polecat, musk-deer, civet- 
cat and allies, or they may l)e developed in the side of the 
face, as in the male elephant, as well as sheep and goats. 
Tlie odor is either of musk or some form of it. The shrew- 
mice, by reason of their odoriferous glands, arc disliked and 
conse(]uently not hunted by birds. Universal deference is 
])aid to the skunk ; few dogs, and only those which are in- 
experienced or ]»eculia.rly gifted, attacking tliem. The 
males more usually emit a stronger odor than those of the 
(>[)j)osite sex. 

Sonui mammals have a summer and a winter pelage. The 
hare, at tlm l)eginning of winter, doffs its summer coat for a 
suit of white. The hybernation, or wintor-sleo]), is a re- 
markable feature in the life of (|uadru])eds living in the 
nortli tem]>erate zone, such as (lie hear, dormouse, and bats. 
During this ])eriod the tem})erature of their body falls, 
respiration and circulation are lowered in the one case or 
nearly ceases in the other, and life is sustained by the ab- 
sorption of fat, Avhich accumulates on the under side of the 
neck in the so-(^allcd hvliernation-glands. 

There are about 3500 sjiecies of mammals described, of 
wliicl) XT 00 are living ; of these 310 inhabit America north 
of Mt‘xico. Mammals live all over the earth's surface, but 
mostly in the tropical region, those of the arctic zones having 
been derived from the south since the end of the Tertiary 
period. Tlu' range in space of certain sjiecies is very great — 
for example, the cougar, panther, or puma ranges from Brit- 
ish to South America (Chili). The mammalian fauna of the 
Tertiary deposits of the west was far more abundant than now, 
the remains of over five hundred sj)ecics having been already 
discovered by Lcidy, Cope, and Marsh in the few spots ex- 
amined. The earlier (Eoeenel mammals were genenilized 
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forms, combining in a remarkable degree ehurueters inoro 
elaborated, and in great dotaib in difForout orders of living 
mammals, especially the I^ngulates. For example, from the 
Eocene (Joryphadonj a generalized nngulatt' animal, have 
probably been derived tlie ruminants, tin' tapirs, bog, hip- 
popotainns-like forms, the rliinoceros, and, finally, the 
horse. Tin’s inft'renee is based on the fa(M that the ))ones 
and teeth of Cori//>/uulon })resent characti'rs nhiel\ are no 
longer combined in tiny one s]iecies of mammals, but vvbieb 
are found worki'd out in detail in ilie members of (hedilTer- 
ent orders refernal to. 

Moreover, the t'arly Tertiary mainnuds btnl brains mueli 
smtiller tlnin in any existing forms, tind vvitb only one I'x- 
ception, xvitboul- convolutions — showing that tlie develo])- 
ment of the sizi', of the brain and its convolutions, tind con- 
scipiently of the intelli'ct, btis ke])t pace willi tin' sucei'ssive 
stages in the sjioeializatioii siiown in ('xisting forms, and 
which agree with the ineretising (‘oinjdexity of the. Ameri- 
can (.kjutinent and the subdivision of the western ]airt of 
the continent into distimd. btisins, with si'ptirate mountain 
systems tind river-valleys, ddie rixsidt- of all this apjiiirent 
waste of genertilized forms, and the survival of tbo few 
favored types now existing, has bei'n tlie jireservat ion of 
animals xvbicb liavo bci'ii donu'sticated by man, such tis the 
dog, pig, horse, ox, camel, elephant, and of otlu'rs useful as 
food or as intelligent servanis ministering to his every-day 
wants. 

The earliest mammals were small insectivorous or gnaw- 
ing marsupitils, none larger than ti cat, and tirst tipjxftiring 
in ^Jurassic st ratti. 

The Mammtiliaare divided into three siili-classes — viz. , t he 
Ornitluxldphia (duckbill and Erhidtui), (lie Eididpltid or 
marsupials, and the .Mimodidphla^ comprising all the higher 
mammals. 

Snh-dasM 1. (Jrnifhoddphia, — The duckbill tind s]>iny ant- 
eater (Fig. 41)3, Ediidnahydrix.) arc the only rejiri'scnt.titives 
of the snh-c1ass, of xvhicdi there is hut a single order, (ttilled 
AfoyiotremeSy luid are distinguished by the following (•har- 
acters. The oviducts, vam defirrv.niia and ureters, open into 
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tlie clofica, us in birds. The sternum is provided with a pecu- 
liar T-shaped bone, and there are important features in the 


/' 



brain separating tliem from the members of tlie higher sub- 
classes. There are several characters allying them to the 
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birds and reptiles, and besides iboso mentioned one of the 
most obvious is the lon^\ toothless jaws (tlicro are eight 
horny teeth in tlic duckbill), which are long and narrow in 
the Ei'liidna, or broad and Hat in tlie dnck})ill [Onti/hor- 
InjnclniH paradoxus Bliunenbacli), wliert^ it is covenul ))Y a 
leathery integument ; the external ear is wanting 



In the a,(iua(ic duckbill th(‘ IVet are wcblx'd, witli claws 
of modf'rate siz(\ It is coveri’d wilii a sofld'ur, and is about 
half a metre {It- '^2 inclu's) long. Its 
baldts arc liki‘. tbos(‘ of a muskrat, fre- 
(juenting rivers and pools in Australia 
and \ an Dicjiiairs Land, slee])ing and 
breeding in. bok‘s extending from un- 
der tlui water u]) above its level into 
the banks, and with an outlet on shore. 

It lives on mollusks, Avorms, and 
water-inse(.*ts. Young duckbills, jive 
cm. long, liave l)een found in tlieir 
nests. 

Tile spiny ant-eater (Figs. 403 and 
404) is rejiresented by three species, 
the Echidna hijslrix (Uivier, of Aus- 
tralia, E. IaiwcxH Ramsay, from Port 
Morcvsby, Xew (Juinea, also liy a re- 
cciitly discovered form inliabitiiig tlio 
elevated portions of Northern New ninrHupha bofMH. 

Guinea, and called by il^rsEx^ A canthofjJossnH Bra ij nil. In 
these singular animals the bill is long and slender, tooth- 
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less, while the palate is armed with rows of strong, sharp 
spines ; the tongue is long and slender, like that of the ant- 
eater, while the body is armed witli quills like those of a 
porcupine ; tlic claws are very large and strong, adapted for 
tearing open ant-hills. All the species are from one third 
to one half of a metre (12-19 inches) in length. 



Fig. 4%.~Sk.<?k'tou of tlu‘ Kangaroo.— From Brehm’s Thierlebcn. 


S\ib-cla$s 2, Marsupial id . — These are singular forms, rep- 
resented the o})ossum in tins country, and the kangaroo, 
with a number of other forms, in Australia. They differ 
from all other mammals in having a pouch (marsupium) for 
the reception of the young immediately upon birth, where 
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they are attached to tlie lupples at ilie )»otiom of the })onch. 
Q^his large pouch (absent in some opossums and in the 
Dasytiridw) is supported by two long slender hones attached 
to the front edge of the pelvis and projecting forward ( VUr 
495 m and Fig. 497). ^ 

tn TliyXnti )x\Xi>y the Xasinanian wolf, these ])on(*s are t^ar* 
t'ilaginous, in the opossum, tlic kangaroo, and prohahly 
most marsupials, the young remains in the pouch attached 
to the nipple, whicli tills the month. “ To this it remains at- 
tached foraconsidcrahle period, the milk being forced down 
its throat by the contraction of the cremaster miis(di‘. The 
danger of suffocation is avoided by th(‘ elongated and coni- 
cal form of the upper extremity oi* the larynx, whieli is cm- 
braced by the soft ])alate, as in the Ceiaciuiy and thus resj)!- 
ration goes on freely, 
while the milk pass(‘s, 
on each side of tin; 
laryngeal cone, into 
th(‘ fc s o ]) h a g u s 
; Huxley . In tln^ car- 
nivorous forms the 
i)rain is low in struc- 
ture, the olfactory 
lol)es ])oiug very large, 
completely ex{)osed, 
while the eerel)ra] 
liemis])heres are small 

, . , , - view of iK.lvifi wiUi Uif uittiMujiial boiiv, M. 

and ([uite smooth. 

The dentition of marsn])ials is cluiraetcristic, nom* having 
three incisor teeth upon (;ach sidi^, ahovt‘ ai\d helow, and 
none but the wombat {PfuiHroJonnf,^)^ witii an e(pia1 num- 
ber of incisors in each jaw, there fadng usually uhhh* in tlio 
upper than in the under jaw. 

The lowest mar8Uj)ia] is the Tasmanian wolf {Thyhtritnfs)^ 
which is rather smaller than the wolf. 4’he ^hsmaniarj devil 
{DaHifuruH uminuf^ Geoffroy, Fig. 583) is a vicious, trouble- 
some creature, about the size of a badger. opossums 

inhabit Xortli and South America. 4’bey lmv<5 ji long tail 
and a plantigrade step — Lc., they walk on the soh; of the 
whole foot. The Virginian ojK)s.snm ( 1*3 g. 4U7, yhyx Vir- 
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giniana Shaw) lives chiefly in trees. Lawson says that 
the female doubtless breeds her young at her teats, for I 
have seen them stick fast thereto when they have been no 
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bigger than a small rasberry and seemingly inanimate. She 
Ims a pauncli, or false belly, wlierein she carries her young 
sifter they are from those teats, till they can shift for 
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themselves. Tlieir food is roots, poultry, or wild fruits. 
Tliey have no hair on tlieir tails, but a sort of a scale or 
hard crust, as the beavers have. If o eat bus nine lives, 
this creature surely has nineteen : for if you break every 
bone in their skin and ruash tlieir skull, "leavin^^ tliein for 
dead, you may come an hour after and they will be gone 
quite away, or perhaps you may meet them creeping away." 
(“ Perfect Description of Virginia,*’ lG4d.) 

There are squirrel-like flying mar8U])ials (/VLir/rf/s), 
marsupial rats, marsupial bears, and marsupial ant-eaters 
(^Alyrmerohius), but the most cbaractoristie Australian ani- 
mals arc tlie different kinds of kangaroo (Macropus ihvtidis. 
Fig. 498). 

Tlic largest species, M, yif/aufeus Shaw, is 1-8 metres, or 
nearly six feet long. Kangaroos go in IktcIs, and move by 
a succession of long l(‘aps. 

All marsupials are stupid, low in inlelligenee, and, in the 
insectivorous and carnivorous for?ns, of vicious bunpc'r. 
Willi tlie ('Xce[)tion of the opossums, all ari'conlim'd to Aus- 
iralia, New Zealand, and N(Ov (ininea. 

Sulj-rJass 8. J/nunf/tdp/n'a. — WhWo in th(‘. mar.sn]>ials tJu*. 
lorminaiioii of the. oviduct is double, in the ])n‘sent groii[> 
it is always single, wlnox^e the name Mouoflrlj>/u'(f. 
menibm’s of the group are also ealUsi plarvulal MaiumaUa, 
))ecause the young at l)irl.b ave of considt‘rab](.‘ sizi' and 
nearly perfect in developnient, being nonrisbed until born 
by a highly vascular mass or thick rnern)>rane ( jdarnila) 
supplied with arteries aud veins, develoj)e(l originally from 
tlie allaniois, wliicli is a temporary emlu'yonic mcmbraji(\ 
The brain, as a rule, presents an advan(;e over tliat of any 
of the jireceding mammals, the corpus calloHuni. being b(dt{M 
developed, while the ant(?rior (ommissures are. all ivdiice(l. 
There are no marsupial bones, Ibougb in soiik! (Utruicora 
certain small cartilages tip])ear to represent tlicm. 

There are twelve orders, as follows ; 

Order 1. Bruia or Kdcntala. — dTiese cn-ainres, repre- 
sonted by the sloths, ant-eaters, ])ai)go]ins, and [irrnadillos, 
stand next alaivc tin* non-placcnta.ls or inarsiqdals, as the 
brain is but little ])ettcr developed, tJie l)emisj)iieres in sumo 
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forms being nearly smooth, while, in point of their general 
Btrubtnre and intelligence, they stand at the foot of the sub- 
class. The teeth may be entirely undeveloped, as in the 
common ant-eater, but when developed they are not encased 



in enamel. In most Edentates the incisors arc absent, but 
the lateral one may exist in the armadillo {Dasypus). The 
feet are formed for grasping or digging, and end in large 
straight or curved claws. They are either hairy or pro- 
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tected, as in the pangolins (Fig. 501) and armadillos (Fig. 
502), with large thick scales. They feed on insects and de- 
cayed animal matter, or on leaves. They are of moderate 
size, though certain extinct forms were colossal in stature. 

The leaf -eating forms, viz., the sloths, differ from the 
other Bruta in the very long and slender limbs, the hinder 
pair the shorter. There arc five teeth above and four below, 
which become sharp with use, like chisels ; tlie si.ouiacli is 
said to be remarkably complex. In disposition tiwso crea- 
tures are types of sluggisliness ; they live in trees, lahng 
absolutely helpless on the ground, not being ca]>a\Ac oi 
walking on the bottom of the foot. 

Waterton says tluit, in elimi>ing. the 
ai (Bradi/pns tridadylns. Figs. and 
500) uses its legs alternately ; that its 
hair is thick and coai-so at the ex- 
tremity and gradually tapers to (he 
root, wliere it becomes tine as a s[)i(l( 0 *\s 
web. Ilis fur has so much (he hiui of 
the moss wliieh grows on the branches 
of the trees, that it is very <liHienlt to 
make him out when lu^ is at rest,.'’ 

None of the Jhlcntates now oe(*nr in 
the United States, hut formerly e(»l()s- 
sal, sloth-like forms, with sonm restmi- 
blance to the ant-eaters, ranged ovm* ai, or ^jhror 

n -«*• I 11 ” lo«-(l Slotli, hi itw Diiliirul alii 

the Southern and Middle States as la)- ohi. Aft.r wood, non 
north as Pennsylvania, liieir homis oc- 
curring in caves. Sueli was the Mf'ytdhrriunu a gigantii*, 
sloth-like creature, wliicli exUnuhnl from Pennsylvania to 
tlie pampas of South America, and whose skehdon is ovta' 
five metres (18 feet) long. Witli it was assoeialed tin? JM/- 
alonyx, first described hy Thomas J(‘fferson : it was as large 
as a bison, as was the jlylodon. These animals walked on 
the soles of the feet, could rise on their hind legs and j)artly 
support themselves by their tliick tails, ]>nHing down large 
trees and feeding upon tin* leaves and smalh’r hraneh(‘s. 

In the ant-eaters the jaws are toothless, hut, very long, and 
the tongue is of great length and very extensile ; the sub- 




580 


ZOOLOGY, 


maxillary glands are xery large, so that the viscid salivary 
fluid is very abundant. They burrow into ant-holes, thrust- 
ing the tongue among the ants, which stick in multitudes to 
the viscid, writhing rod, and are withdrawn into the mouth. 
The p}'loric end of the stomach is gizzard-like. The ant- 
cat(‘rs {Myrmervplidfja) inhabit South America. 

The ])ango]ins, or s])ecics of Manis, are mail-clad ant- 
eaters, the body and long tail being covered with large 
overlap})ing scales. When molested they roll up the body. 
In walking the hind feet rest on the soles, while the fore- 
feet are supported by the upper side of the long bent 
claws. 



Fi):;. r»(M,~PanR(iiin iAfanis Umgirnudata) robbing whito ant ntvtH.— After Monteiro. 


The long-tailed pangolin of the West Coast of Africa (Fig. 
501) tears o]>en with its long claws the nests of the wliite 
ants. It is nearly I metre (’28-30 inches) in length. 

The armadillos (Fig. 502) are small mammals covered with 
a carapace, consisting of from three to thirteen transverse 
rows of movable scales : by rolling into a ball, these singu- 
lar creatures become thoroughly protected from their ene- 
mies. Dmypiis novcm-vuicf un Linn, is much like thePeba 
armadillo, and extends from South America to Texas. The 
strange extinct armadillo-like Ghipiodou of South Amer- 
ica, which was over two metres (8 feet) long, was covered 
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by a heavy, solid coat-of-mail consisting of })olygoual plates 
soldered together immovably. 

The three following orders have by most authors been 
placed near the Priviales (monkeys, etc.), but Owen, from 



the characters atlorded by the brain, has shown that tliey be- 
long at or near the bottom of the*, scale, (b'll has shown 
that not only by the brain, but by otlua* cliar.actcrs corre- 
lated with the low dcveIo]>ment of the brain, the Ib/dents, 
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Insectivora, and bats should be associated with the Edentates 
in Bonaparte’s division (or, as Gill terms it, super-order) 
of IneducaMlia (which corresponds to Owen’s sub-class 
Lissencephala). In these four orders, then, tl)e cerebrum is 
small, smooth, with none or few convolutions ; in front 
it docs not cover the olfactory lobes, and behind leaves 
the cerebellum wholly or partly uncovered. 

On the other hand, in the su])er-order Ed/ucaMUa. com- 
prising the following orders : Cetacea, Sirenia, Frohoscidia, 
Hyracoidea, Toxodoniia, Unyulaia, Ferce, and Frwiatesy 
the brain lias a relatively large cerebrum, behind ovorlai)- 
j)ing much, or all, of the cerebellum, and in front much, or 
all, of the olfactory lobes (Gill). The cerebrum is also con- 
voluted ; the convolutions increasing in numlier and com- 
plexity, until we reach the ajies and man, and accompanied 
by increasing intelligence and capability for mental im- 
jirovemont. Other important chara-cters are mentioned ]>y 
Owen and by (iill in su])])ort of tliis arrangement. 

In the smooth small cerebrum, as well as in otlicr re- 
spects, the 1 }i('d((r((hUia are related, together witli the mar- 
supials and duckbill, to the birds and reptiles. In the 
cloaca, the convoluted trachea, the long, slender, beak -like, 
toothless jaws and tlu^ gizzard of the ant-eaters, the quills 
of the porcupine and hedge-hog, the ]n’OYontriculus or crop 
of tlie dormouse and beaver, in tlie growing together of the 
three chief metatarsals of the jerboa, as in birds, in the keeled 
sternum and wings of the bats, there are ]K)ints of resem- 
blances to birds. Owen, whom we have quoted, also adds 
the aptitude of the bats, insectivores and certain rodents 
“to fall, like reptiles, into a state of torpidity, associated 
with a corresponding faculty of the heart to circulate car- 
bonized or black blood.” 

However, there are points in wliicli tliese orders are re- 
lated to tlie lemurs and monkeys. 

Order 2. G I ires. (Uodentia.) — Tlie rats, squirrels, por- 
cupine, and beaver are (*ommon examples of this extensive 
group. They differ from other orders in the large incisors, 
the dental formula of which is normally | (i in Leporidm 
and Layomyldm), and in the absence of canine teeth. The 
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condyles of the lower jawarelongitiuliiuil, Tioi received in spe- 
cial glenoid sockets, but gliding freely backwards and forwards 
ill longitudinal furrows. The feet arc adapted For walking 
and climbing or burrowing, the (‘laws being well develo}>ed. 
A peculiarity in the incisors is that the>' grow out as favst as 
they are worn down ; this is due to the fac't that the pul]) is 
persistent ; the eiuimci in front lanises them to Avcar away 



Fig. 503. - American Flying Squirrel {Scinroptnvs roluMla). 


behind so tbat they arc eliisel-shaped. Tin* sp(‘eies are ])ro- 
litic, liv'o mostly <m vegetable food, and nrv of small size ; 
the muskrat, beaver, and capybani being th(^ larg(\st mem- 
bers of the group. The flying stpiirrels (Fig. 503) take 
short fliglits by means of the exj)ansion of tin* skin betwfMUi 
the fore and hind logs. The Norway lemmings are noiic(‘- 
able for their remarkable migrations from tlie elevated 
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plateaus of Scandinavia down and into the sea ; the object 
and origin of whicli are inexplicable, and are not indicative 
of much intelligence. From this and their iiest-building 
habits, rodents are, as a rule, not unlike birds ; and Owen, for 
these njavsons, ascribes to them a low degree of intelligence. 
(Granting that this is the case, an excei»tion to this rule is 
seen in the social beavers, wiiich evince a high, exceptional 
degree of intelligence. Beavers build a darn in a running 
stream so as to create an artificial ])ond as a refuge when at- 
tacked, as well as a subaquatic entrance to their lodges and to 
their burrows in the banks of the streams they inhabit. Bea- 
ver dams ar{‘ built at first by a singh* ])air or family, iind are 
added to from y(‘ar to year, and afterwards maintained for 
(;enturii!S ])y constant rc'jmirs. ^fhey are built of sticks and 
mud, usually curve uj) stream, with a slojiing watt‘r-fjice. 
Beavcu’s lay up stores of wood for Avinter use in the autumn ; 
tluw can gnaw through tri*(‘seight(‘en inches in diameter; they 
work mostly at night. 'Jduw often eonstruct artificial canals 
for the transportation of the sticks of wood to their hKlges. 
1diis, in the oj»inion of Mr. Morgan is the highest act. of 
intelligiUK'e performed liy beavers.'’ When ponds do not 
r(‘aeh hard-wood t re(*s or ground in Avhi(di they can burrow 
for sahdy, they will build canals with dams, and so excavate 
them tliat tiiey will hold the surface drainag(‘. IMorgan 
describes out' canal about Itll metres (feid feet) long which 
‘‘served to bring the o(‘cupants of the ])ond into eiisy con- 
nection, by water, Avith the trees that su])plied them Avith 
food, as AV(‘ll as to relieve them from the tedioUvS, and [ler- 
ha])s im])ossibl(\ task of moving their cuttings five liundred 
feet, over uneven ground, unassisted ]>y any descent.’’ Bea- 
vers, in swimmrng, use their tail Jis a senll, and the hind 
tVet being Aw-bluni, its ju’opelling power Avhile swimming is 
very great. They tairry small stones and earth Avith their 
])aws, holding them under tlie throat, and walking on their 
liind feet. They use the tail in moving stones, working it 
under so as to “ give it a throAv forward.” Beavei’s are very 
social, Avorking together and storing up wood in common. 
“ A beaver family consists of a male and female, and their 
offspring of the fii'st and socoml years, or im^re properly. 




Fig. 50').— Alpine Hare <»f the Kooky Mouiitaiua.- After Hfiytlt*!!. 


[llaphdon rufns Couok, Fi^^. 504 ) of (lui iiKMUiitiiths of uT-sf- 
em Oregon and Wa^^hington Terriutry. It is nttarly as larg(3 


The American Beavc5r and his Worka. By Lewia H. Morgan, IftfiB. 
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US a muskrat, is nocturnal in its liabits and, therefore, rarely 
seen, and burrows in tlie earth, feeding on roots. 

The lowest in intelligence are, ])crhaps, the hares, rep- 
resented by tlie coniinon varying hare (Lepus America- 
HUS Erxleben, Fig. 505), of Avhich an interesting variety, 
L. Bairdiiy lives on the Alpine summits of the Rocky Moun- 



Fii?. I'he Spalftx or Blind Iliit. —After Owen, 


tains. Tlic hirgest of all existing rodents is the Capy- 
bara of South America, Avhich looks like a jiig. This is 
su(u*eeded by the })oreupine, Avhieh either lives in trees or 
burrows in tlie eai’th, wliile the more intelligent, active 
forms are the beaver, muskrat, the .Europetin blind rat 
{SpaUix, Fig. 506) the rats and mice, stjuirrels, tind lastly 



the marmots. Tlic domes- 
tic mouse and the two rats, 
the brown or Norway rat 
( Mn .V dec u ma n n s Palhis ) , 
th(^ black rat {Mus raffus 
liinn.), and the common 
house mouse {Mus musra- 


¥ifi. b(Y:.— J limping Mouse iZapus hud- Llllll.), are COSmopoIl- 

From Ttfonry’s Zoolo^ry. , . , mi * • 

tan animals. I he jumping 
mouse (Fig. 507) has remarkably long hind legs and short 
fore legs. Pecailiar to tlu‘ western plains is the ])rairie-dog, 
{Vi/)iomiis ludocirunius) which represents the marmots of 
tlie Old World ; it is seini-soeial and takes in perforce as 
boarders the (^avI and rattlesnake, which devour its young. 


MOLES AND SHltRWS. 
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Order 3, Imcctivora . — In tlu* moles the incisors, the 
canines, and molars are well developed, and the molars have 
the crown surmounted by eonieal i»rojeetions called euspa. 
The fore feet are ])lanti^rade, with large (‘laws, and the r\\- 
tiro limb is short, thick, mus- 
cular, and f()ssorial,i\c., adapted 
for burrowing in the soil (Fig. 

508). Tlu^ shrews comprise 
the smallest maiuinals. ]Sh‘arly 
all are noeturnah burrowing 
under the surface, and never 
se(‘n by day ; (‘onsecpiently, 
their eyes are small, and most- 
ly hid under the fur ; whih^ the 
ears are small and concealed by 
the hair. 

The shrews are mouse-like, 
having lei'tof the nornuil form, 
and a long nose. In our c(un- 
mon shrew (Sorex phtf ffrhiavx WagiU'r, Fig. 509), tlu‘ nose 
is long, ami the tail shorter than 11 h‘ lu'ad and body. 

1'he genuim* mok's ar(‘ the charact(‘rist )(* forms of the 

order; the most jicciiliar being tlH‘ star-noscul mole, i^naltp 






Fig. 509.— Common Shrew.— After Courts. 

Jura crintaki Linn., wdiich occurs from tlui Atlanth; to tin* 
Pacific Ocean, while the common mok; (Fig 510) is abundant 
in theEiistcrn United States. 

A flying form with a superficial rosemblam'e to tin* bat, and 
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with the same habit of sleeping, heiid downward, holding on 
by its hind feet, is the GuleopMenn^ of the East Indies. 
This singular creature lias lieen placed among the lemurs 
by some autliors. G. Pallas inliabits Java, Sumatra, 

Borneo, and Siam. 



Fi^. 510,— Common Mole {Scalojjfi (XQvaticus Linn.).— Altor Couch. 


Or/hn' 4. (^hiroptora , — Tlio bats form a well-circnmscribcd 
grou]) of mammals, very distinct from any other, cs))ecially 
in the greatly modified fore-limbs, the radius and ulna being 
united, and the sectuid to the fifth metacarpal hones and 
])h;ilanges h(‘ing V(^ry long and slender, supporting a thin, 
lealherv memlirane or skin, extending to the hind legs, and 
w’holly or jiartly enedosing tlio tail ; tlie hind toi's being, liow- 
ever, free, as wlicui at rest or in the vegetarians wlien feeding, 
bats hang liead downwards, holding on by their elaws. The 
sternum is sfightly keeled for the attachment of the mus- 
cles of flight. The mammary glands are pectoral. In other 
resp(‘cts, esp('eially tlu' dentition, tlie bats resemble the 
vot'd. The form of the teeth differs from the ordi- 
nary insect ivorons hats in those wdiicb live on fruit. The 
vegetahlo-oating or fruit -eating bats have a superficial resem- 
blance to the flying lemurs ; and because their mamraai arc 
pectoral, have been placed next to the Primates. 



Fif;. 61*^. — Skull of mluU wliule from ul><>ve and from the side, ho, 

l)as»ioccipital hone ; fo, exoccipirnl ; no, t'Upraocoipital ; p, parietal ; h, equamoBal ; f, 
frontal ; id, palatine; J, jugal ; nh, htylohyoid ; bh, l)asiliyoid ; th, thyrohyoid.— After 
Flower. 


the extremities of sleeping persons, who awaken to find their 
feet covered with blood. 
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The largest bats are the fruit bats or flying foxes {Piero- 
pm) of the East Indies ; one species of which expands one 
and a half metres (nearly five feet) from tip to tip of the 


wings. Our commonest species is 
the little brown bat, Ve^pertilio 
suhulatus of Say ; nearly as com- 
mon is the red bat, Atalapha no- 
veborace7isis Coues. 

Order 5. Ceie {Cetacea). — We 
now come to the EdveabiJia, in 
which the brain is more liighly dc- 
veloj>ed, and bc'gin wdth two very 
aberrant orders, the whales and 
Sirenifins, in which the body is 
fish-like, thougli the tail is hori- 
zontal ; the pelvis and hind limbs 
are wanting, either w'hoily, or mi- 
nute rudiments may bo j)resent ; 
and they are a({uatic, occasionally 
leaping out of the water, but usu- 
ally only showing the dorsal tin or 
nose when at the surfaces to breat 1 h\ 

The wdialcs and ])orpoises hav<* 
a large, broad ])raiTi, with numer- 
ous and complicated de‘C]> convolu- 
tions. 

In the skull (Figs, 013) the 
aperture for the spinal cord {fora- 
men magnum) is entirely ])osterior 
in situation and directed some- 
what U])ward. The lower jaw is 
straight, with no ascending ramus, 
the narrow condyles being situated 
at the end of Die jaw, at lljo point 
indicated by the angle of the ramus 
in other mammals. The teeth are 
conical, with a single root, but are 



Flp. f)13.-"SkuIl of the i 
whah*, lonjtlf udSniil Horlioii nlum- 
iiif; Ihc rrlativc size and fonii of 
the cranial cavity, w, maxilla; 
///A, preniaxilJa.” After Flower. 


sometimes wanting. There is no neck ; the cervical verte- 
brae are sometimes confluent, forming a single mass. The 
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limbs form a pair of paddle4ike appendages just behind and 
under the head, which are supported bj short, flattened 
limb-bones, the carpals and phalanges often separated by car- 
tilage ; the second digit being composed of more than three 
phalanges. There are two inaminse situated near the anus. 
The external nostrils are cither single or double, and are sit- 
uated on the top of the head ; they are modified to form the 
spiracles or blow-holes certain folds of the skin prevent 
the water from entering the air-passages. The vapor blown 
from tlie holes does not consist of water, but of the mucus 
from the nostrils, and the moisture in the breath. The 
blow-holes vary in form in different kinds of whales. The 
‘^spoilt” of the s])erm-whale issues in a single short 
stream from the extreme end of the snout, and curls over 
in front of the head ; that of the fin-back whale forms 
a single column of vapor about ten feet high ; the right, 
humpback and sulphur-bottom whales each ‘‘blow” in a 
double stream which is directed backward toward the tail. 

Whales are rarely over fifty feet long ; the sperm-whale 
has been known to reach a little over twenty-three metres 
(76 feet) in length, but Professor Flower questions whether 
the sperm-whale frequently, if ever, when measured in a 
straight line, exceeds a length of sixty feet. The largest of 
all whales, as of all existing animals, is the fin-back or ror- 
qual {Balcenoptera hoops), which sometimes measures thirty- 
four metres in length. The smallest Cetacea are the })or- 
poiscs. 

In the Mysticete or whalebone whales, the teeth, present in 
the embryo, become reabsorbed int o the gums before birth and 
are replaced by plates of whalebone (Fig. 514), three hun- 
dred of which may be present on each side of the mouth. 
The inner edges of these plates have projecting fibres, form- 
ing a rude strainer ; these whales feed on small pelagic jelly- 
fish, molluscs and Crustacea, by taking in a mouthful of 
water, and then pressing the tongue against the roof of the 
mouth, expelling the wkter through the openings between 
the plates, the fibres acting as a strainer. Three thousand 
five hundred pounds of whalebone have been obtained from 
a single bow-head or Greenland whale {Balmna mysticetud). 
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The oachelot or sperm-whale (Fig. 515) has an enormous 
head, and is without the power of smell Above the nasal, 
frontal, and maxillary bones ai-e cavities filled with a fatty 
fluid called .spermaceti, used in the manufacture of candles, 
ointments, and cosmetics, such as cold cream. A large sperm- 



Fig. 514. *1 load and toiiguo of RxAmck -wluAo, Hithvnopfero (the latter la) swollen 
by the gttf*e» t)f deconipohition) ; A, whulc'boiio i»lau*s. 


whale will yield 2500 kilograms of this substance. Another 
valuable substance is amhergris, a morbid ]>roduct, the result, 
of injury to the iiitt'stino by the beaks of (aiitle-fishes, upon 
which animals the lo*>t]u‘d wlialos largely iirey. It is a kind 
of bezoar or gall-stoiu*, fatty, aromatic, burning with a clear 
tlame. It is coinjiostMl of bcnzoit; acid, united with cliloriiu*, 
of a balsamic sulistanee, and ambrain. It is used in making 
]>erf limes. 



Fig. 515.— Ontllno of the cachelot, fhowltig how the blubber In removed; h, the 
pituation of the “ caf*e r. Ok* junk ; </, the hum h of the neck ; h, the hump ; f, the 
ridge; the small ; f, the tailor fluket* : between the oblique dotted linei arc the 
spiral strips or blanket pieces. —After Ueale, from Gill. 

But the chief use of whales is the oil extracted from tlic 
fat enveloping the body, called blubber by winders. The 
most valuable of the W'hales is the Greenland whale, as it 
contains the most oil, individuals having been known to 
yield nearly three hundred barrels. 
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The whale-fishery first sprang up in the twelfth century 
in the Bay of Biscay. In the New England colonies whales 
were pursued in boats from the shore. In 1854 the fishery 
culminated ; since then it lias decreased. It is principally 
carried on by Americans, New Bedford being now the lead- 
ing port from whicli whalers are sent out to the Arctic 



Fig. FV(?7/vri.-- After Grayson, from Gill. 


regions and Behring’s Straits, one hundred and ten vessels 
having lieen sent out in 1870 from tin’s ])ort. 

Closely alliiKl to PhyseteT macrorep halus Lacepede, are 
tlie ])igniy whales, rejircsented on the Californian coast by 
Koyia Pfmvcri Gill (Fig. 510), which is nearly three metres 



Pig. 517.— Skull of Cailignathtiif simm, seen from Uie side and from below.— 
After Owen. 


(nine feet) in length, with a conical head. In CaUignaihns 
iiimus Owen (Fig, 517) the skull is short and broad ; it is 
found on the coast of Madra.s, India. 

The narwbale {Monodoo monorprop.JArm,) is distinguished 
by the long, spirally-twisted, born-like tusk of the male, 
formed of the left upper incisor, which becomes nearly three 
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metres long, the female having no vkible teeth ; there l)eing 
two rudimentary incisors which never appear through the 
gum. It ranges from Hudson’s Straits to the Arctic seas, 
having formerly been seen along the coast of Labrador. To 
the family of dolphins and porpoises belong the white whale 
or Delphi napterus leiwas Pallas, which ranges from the Gulf 
of St. LaAvrence nortliward ; the gnimpus {Orampus grisem 
Cuvier) ; the blacktish, of wliieh there are two species, one 
Glohicephalus mclas Trail, ranging north of New York, and 
one 0, hrachypterus Cope, to the southward, and the por- 
poises, of which the most common on our coast is Phocmna 
hrachycium Cope ; the rarer is lineata Cope. On the 
coast of Labrador, as Avell as northward, occurs the thrasher 
whale or killer {Orca gladiator Gray) Avhich has large 
teeth, and a high dorsal fin ; it attacks whales, gouging out 
the flesh from their sides. Certain fossil whales were pigmies 
in size ; while the Zenylodon of the Alabama Eocene Ter- 
tiary beds, Avas an enormous serpent-like whale, which must 
have measured over seventy feet in length. 

Order G. Sirenia.-— In the fcAv 8}K‘cie8 of sea-cows represent- 
ing this order, the lower Juav is more as in other mammals, 
having Avell do velo})cd ascending rami and normal transvers(i 
condyles and coronoid processes. The teeth are well developed, 
both incisors and molars, the latter with flattened or ridged 
croAvms, adapted for the trituration of vegetable food. A 
neck is indicated ; the two nostrils are situated at the 
upper part of the snout, and the lips are beset with stiff 
bristles, Avliile the mammse are pectoral. The fore limbs are 
of moderate length, with five well-developed digits, but still 
fln-like and bent at the elboAv. The brain is narrow com- 
pared with that of cetaceans, and the heart is deejdy flssuriMl 
between the ventricles. The manatees of Anjeri(ta and the 
dugong of Australia and India (Fig. 518) live in the mouths of 
large rivers, feeding on seaweeds, acpiaf.ic plants, or tlie grass 
along the shore. The Florida manatee {Manat m Arneri- 
canus Desmarest) grows to a length of from two to nearly 
three metres. It ranges from Florida to the Amazons, whei'c 
it is called Vacca marina ; it ascends the river as far as Pebas, 
Peru, and is killed and eaten, its flesh rt'stnnhling beef, 
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Steller’s manatee {Rhytina Stelleri) was in the last century 
found in abundance on the shores of Behring^s Island on the 
coast of Kamtcllatka; twenty-seven years afterwards (in 
1768) it was totally exterminated by the sailors, and only a 
few imperfect bones exist at St. Petersburg. Tiiis is the 



largest Siren i an known ; it was over six metres in length. 
It differed remarkably from the other forms, in having no 
teeth, but was provided with a very large, horny, palatine 
plate, and a corresponding one covering the enlarged point 
of union, or 8}Tnphy8is, of the lower jaws. In the Tertiary 


Pig. 518.— The Dugoug.—From Brehm’e Thierleben. 
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Period a fossil Sireniau {Halitherium) inhabited the ehorei 
of western Europe. 

In the structure of the skull, their dentition and their her- 
bivorous habits the Sirenians in a decree connect the Ceta- 
ceans with tlie Ungulates. 

Order 7. Proboscidia . — Only two reprosentiitivea of this 
group are now in existence, the Asiatic and African elephant, 
a number of other forms having become extinct. The group 
is well circumscribed, when wo consider the living species, 
but in the early (Eocene) Tertiary i^eriod there existed forms 
which indicate that the Proboscidians and Ungulates liad a 
common origin. In 
the elephants the up- 
per incisors are enor- 
mously developed, 
while there are none 
in the lower jaw. 

There are no canine 
teeth, while the few 
molars are large, trans- 
versely ridged. In the 
elephants the ridges 
are numerous, the 
spaces between them 
filled with cement. 

The young mastodon 
hiis cement on the up- 
per surface of the 
tooth ; the ridges af- 
terwards become free 
and covered with 
enamel. A peculiari- 
ty in the elejihunt^s skull is its largo size, the brain cavity 
being very small in proportion to the bulk of the skull itself. 
To give lightness to what would be otherwise an insupportable 
weight, the cranial bones contain numerous largo air-cells 
(B'ig. 520). Another remarkable fcature,from which the group 
takes its name, is the tnmk or proboscis, a long, thick, fleshy, 
flexible snout, growing from the front edge of the nasal 



F!r. 519.— Skull of yonn^ elephant ; premax- 
illiiry bone (-ontainlriK the root of the lasK, k: 15, 
nusul bone ; 7, punetal bone or teitirK)ral retpon ; 
2b, molar, zygomatic arch ; i, lower Jaw ; c, upper 
Jaw ; w, molar tooth ; 21, maxilla ; 11, frontal; a, 
aquamoaaJ.— After Owen, 
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bones (Fig. 520, a). The trank ends in a finger-like, highly 
sensitive point, below which are situated the nostrils. The 
brain has a large cerebrum, with numerous convolutions, but 
more of the cerebellum is exposed than in any of the succeed- 
ing orders ; in this respect and in the large incisors the Pro- 
boscidians approach the Rodentia. 

In the nature of the limbs, especially from the fact that 


elephants walk on their toes, a relation to the Ungulates is 



indicated. They are 
five-toed, but the dig- 
its are represented ex- 
ternally only by the 
five broad, shallow 
hoofs, the foot being 
supported by thick, 
broad pads. The legs 
are almost wliolly free 
from ilie body. The 
placenta is zonary 
and deciduate. The 
skin is naked in the 
existing elephants, 
but the extinct mam- 
moth was covered 
sparsely with hairs. 
Ele]>hants live in 
herds, browsing on 
the leaves of trees 


Fig. 520.— Section of an elophant'a ekull, showing 
the .‘<inall pizo of thr bruin cavity aa compared to the 
whiile hknll, and the mimerou« large air celK r, 
po.><tcrior nontriN ; 18, cavity of the nose ; o, front 
Opening of the bony nostrils, to the edge of which 
the trunk is attached. — After Owen. 


and herbs. They at- 
tain a height of from 
tlireo to four metres 


(10-12 feet). The 
Asiatic elephant has a concave forehead and small ears, while 


the African species has a full, rounded forehead and large 
oars, with four hoofs on the fore feet and three on the hind 


feet, the Asiatic elephant having one more hoof on each foot. 
The fossil mammoth {EUphns primigenius Blumenbach), 
which was contemporaneous with early man, was not much 
larger than the existing species. Its tusks, however, were of 
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great size, some being live metres long. It formerly rmiged 
in herds over northern Europe and Asia, as well as Anienca, 
bones occurring under swamps in the Aorlhern and Middle 
United States, A carciiss frozen in the ice, witli the Iniir 
still on, was discovered near the mouth of ilie Lena Liver in 
Siberia. A pigmy, extinct Maltesi} elephant of tlie late Ter- 
tiary Period was only 1.7 metres in height. 

The Masiodiin was ehanicterized by having incisors in both 
jaws of some of the sj)ecies. Tlie mastodon had molars witii 



Fit:. r»21. From a n'Htortttifni by Brandt. 


conical cusps, and was 3'|-4 metres (12-ld feel) in hciglit. 
The mastodon (Mui^tmlon ffifjantnim Chivier) was an (‘arli(‘r 
type than the eleplrant, and formerly inliabitial tlie North 
American eontiiioni. 

In the Dhudhermni of the Middle Tertiary (Fig. .021 ) there 
were only two incisors, and they grew out from the under 
jaw. It was elephantine in its form, according to Brandt. 

Order 8. Hyraeoidea . — With some aflinities to the i?o- 
dcftfiffn and a decided resembhinee in some particulars to 
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the rhinoceros among the Ungulates, the members of this 
small order are in general characterized by having long, 
curved incisors ; and by feet provided with pads as in Ro- 
dents and Carnivoray tlic toes being encased in hoofs (four in 
front and three behind). The Hyrax, a little gregarious 
animal living in holes among rocks, of which there are two 
or three species known, one Soath African, and another in 
the Holy Land and Arabia, thought to be the coney refen*ed 
to in the Bible, is the only genus. 

Order 9. Toxodontia, — Of this group, of which no spe- 
cies are now living, the types are Toxodon and Nesodon, 
They are placed by many authors among the odd-toed Ungu- 
lates, not far from the tapirs. Their incisors were f or f. 
Toxodon in its skull bore some resemblance to the Sirenians, 
and in the teeth were in certain respects like the Edentates. 
The species lived in South America during the early Tertiary 
Period. ^ 

Order 10. Ungulaia. — The larger proportion of mammals 
belong to this interesting order, which comprises nearly all 
those species of mammals useful to man, such as the ox, 
camel, pig, deer, and horse. They ai*c, in general, charac- 
terized by walking, so to speak, on their toes, each toe being 
at the end encased in a hurny lioof ; not more than four toes 
being completely developed on a foot. The teeth are usualfy 
well developed, with six incisors in each jaw, but these are 
often, especially in the upper jaw less in number or entirely 
absent, as in the sheep, deer, and ox. The collar-bone is 
absent. The brain still remains small compared with the 
bulk of the skull, and the intestinal canal is of unusual 
length comj)ared wnih that of animals of the previous orders. 

The Ungulates have been divided by Owen into two sub- 
orders, according to the odd number of toes (Pcru‘?^?o- 
dactyla) or even number {Artiodacfyla), In the Perisso- 
dactyles there may be three toes on each foot, as in the rhi- 
noceros, or one, as in the horse ; while in the Artiodactyles 
there may be four toes {Hippopotamus) y or two, as in the 
giraffe, or two functional and two rudimental, as in the ox 
and deer, i. c., most Ruminants. The more generalized ex- 
isting form of Ungulates is the tapir ; the most specialized 
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type is the horse, with its single toe on each limb. A large 
number of extinct Tertiary Ungulates in the Western States 
and Territories, and the Tertiary basins of Paris and Lon- 
don, more or less allied to the tapir, especially Voryphodon^ 
Anoplotheriiim, Palwotheriim, etc., were generali;5ed or 
ancestral forms, from which the modern, more specialized 
types have probably been evolved, and a study of these fossil 
Ungulates shows that there was then (z. e., in Eocene times) 
an essential unity of organization in all Ungulates, including 
the Ruminants ; the breaking up of the Ungulate stem into 
special groups, along favored lines or })aths of development, 
having resulted in a gi‘adual improvement and elabom- 
tion of particular parts, which rendered them more litted 
for their present life, and more intelligent in meeting and 
overcoming the emergencies their more complex surround- 
ings subjected them to. Thus in the Eocene Ungulatc^s, 
such as Coryphodon, tlie cerebrum wjis small, without convo- 
lutions, indicating a slight degree of intelligence compared 
with the modern Ungulates, while thegnuliial differentiation 
of the horse, with its single toe and hoof, from its tapir-like 
ancestors, is a marked example of the intelligent, beneficent 
selection of favored, useful types which has gone on from the 
earliest geological times. 

All tliis specialization of type iirvolved the destruction of 
great numbers of forms unfittcMl to withstand changes in 
their surroundings, or not sufficiently intelligent or wary to 
avoid the attacks of carnivorous forms, and thus the piesent 
number of Ungulates is much exceeded by the fossil forms. 

Perissodactyles. The odd-tood Ungulates, on the whole, 
stand lower than the even-toed forms. They all hav(^ at 
least twenty-two dorsal and lumbar vertebrae, and a simple 
stomach, with a large, sacculated coecum. The tapirs an* 
the more elemental, generalized forms. Fossil tapirs o(?cur 
in the older Tertiary beds of the West. The snout is 
almost proboscis-like, and the legs are moderately long, with 
four toes in front, three toes behind. The bipirs inhabit the 
tropics of the New World and Sumatra. They are succeeded 
by the rhinoceros, represented in this country by a nurnlK^r 
of extinct Tertiary allies, the living sjK'cies being restricted 
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to Africa and the East Indies. The skin is remarkably thick 
and dense, while these animals have either one or two long 
median horns growing from the skin of the nose. A rhinoc- 
eros contemporary with early European man formerly inhab- 
ited England, France, and Germany, and extended into Si- 
beria. 

A number of fossil forms lead up to the family compris- 
ing tlie horse, ass, zebra, and quagga, etc., in which there 
is a single toe, being the third on each limb. Their den- 
tion is — 


7 « 


The genealogy or series of ancestral extinct Ungulates 
leading from tapir-like forms to the modern horse has been 
worked out partly by Huxley, and especially by Marsh, who 
has with Leidy discovered a large series of remains in the Ter- 
tiary beds of central and western United States, America being 
the original home of the horse. The earliest member of the 
series directly leading uj) to the horse was Eohippus, an older 
eocene form, about as large as a fox, which had four well- 
developed toes and tlie rudiments of a fifth on each fore-foot, 
and three toes behind. In later eocene beds appeared an 
animal {Orohippns) of similar size, but with only four toes in 
front and three behind. In newer beds, i. e., lower miocene, 
are found the remains of Me.^ohippti.'^, whieli was as large as 
a sheej) and had three toes and tlie splint of another in each 
fore-foot, witli hut three toes behind. In later miocene beds 
another form {Anchitherium or MioMppiiti) had the same 
number of toes, but with the ** splint bone of the outer or fifth 
digit reduced to a short remnant.” The splint bones, then, 
represent two of the digits of several-toed animals. The suc- 
ceeding forms were still more horse-like. '^In the Pliocene 
above, a three-toed horse {Hipparion or Profoliippus)^ about 
as large as a donkey, was abundant, and still higher up a near 
ally of the modern horse, with only a single toe on each foot 
{Fliohipptis) makes his appearance. A true Egtms, as large 
as the existing horse, appears just above this horizon, and 
the series is complete.” (Marsh.) Fossil horses extended 
over portions of North and South America, but became ex- 
tinct before the present Indians apjxiaved. 
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The horse {Equus mhallus Linn.) is the most useful of all 
domestic animals, and next to ships a prime means of the 
diffusion of civilization. By artificial selection a great num- 



ber of varieties, races, and strains have be(*n produced, 
adapted for the performance of diffenmt kinds of work. The 
horse only exists in a domesticated stab*. Sanson states thcl 



004 


ZOOLOGY. 


the horse in the Orient has five, and in the west (Africa) six 
lumbar vertebrae ; in Arabia both forms occur ; in the horse 
with but five lumbar vertebrae the shape of the skull is also 
different. The Hemippm, the tarpau and muz.ir of Tartary, 
as well as the white, shaggy horse of the elevated plains of 
Pamir in central Asia which is often regarded as the original 
stock, may be a race which has returned to a wild state, since 
partly wild horses occur in Syria, on the Don, and live 
in great herds on tlie llanos and pampas of South America. 
There are two primitive races of horses, the Oriental and 
Western. To the first belong three types : the Arabian, with 



Fig. 628.-etOTnach of a rumiDant (sheep), showintf the four compartments ; a, ceso- 
phasus ; 6, paunch ; c, honeycomb or reticulum ; d, liber psalterium or manyplies : e 
true digestive stomach ; /, beginning of the Intestine.— Alter Owen. ’ 


the Berber, Andalusian, Neapolitan ; and in England the 
blood horse ; the Nizaischan type of the Deccan, India, to 
which belong the Persian, Turkestan, Turkish horses, and 
the Tartarian. The western races comprise the Frieseland, 
to which belong the Brabant, Holstein, Mecklenburg, anti 
the English farm-horse, and among others the Percheron 
horse, of France. Ponies are dwarf horses produced in cool, 
mountanous areas, such as the Shetland Islands. The wild 
ass [Eqmis onager Brisson) ranges from the Indus to Meso- 
potamia. Bquus hmionus Pallas, the Dschiggetai or Kiang. 
goes in lierds in (^cntral Asia and Mongolia^ The hinny and 
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mule are infertile hybrids of the horse and ass {Equus 
asinus Linn.). 

Artiodactyles, — The even- toed Ungulates comprise the 
peccary, pig, hippopotamus, and the Ruminants represented 
by the deer, sheep, ox, and camel. The pig and peccary arc the 
descendants of a number of extinct earlier forms which flour- 
ished in the Tertiary Period ; the pig, as Marsh observes, 
having held its own with characteristic pertinacity. The 
Hippopotamus (Fig. 522) has a large head, with large canines, 
a clumsy body, and short, three-toed legs. Hippopotamus 
amphihius Linn., ranges from the Upper Nile to tlio Cape of 
Good Hope, and westward to Senegambia. It is nearly 
3^ metres (11 feet) in length. 

Ruminantia. — The remaining Artiodactyles are called 
Ruminants, from tlie fact that they chew their cud. The 
molars are provided with two double crescent-shaped folds 
(compare Fig. 490). The stomach (Fig. 523) is divided into 
at least three, usually four compartments, i.e.^ the paunch, 
the reticulum or honeycomb, so named from the polygonal 
cells on its interior, t\\Q> psaUerium or manypliea, and lastly 
the rennet or true stomach. When a sheep, cow, or any 
other Ruminant feeds, it thrusts out its long tongue, seizes 
a bunch of grass, and bites it off by pressing the incisors 
of the lower jaw against the toothless gum of the opposing 
part of the upper jaw ; the mouthful of grass is then swal- 
lowed, mixed with mucli saliva. When its appetite is satis- 
fied it seeks a retired spot away from its carnivorous ene- 
mies, if not a domesticated animal, and after lying down, 
suddenly regurgitates a ball of grass, th(‘ cud,* which it slow- 
ly grinds up between its molar teeth into a pul]). The 
cropped grass passes into the honeycomb and paunch ; the 
manyplies serves as a strainer foi‘ the pulp, which in the 
fourth stomach is digested by the gastric juice. 

Among a number of fossil forms leading u]) to tlie exist- 

*The regurgitation of the cud is probably due to a sudden and siin- 
ult&neous contraction of the diaphragm and of the abdominal muscles, 
which compresses the contents of the rumen and reticulum, and 
drives the sodden fodder against the cardiac aperture of the stomach, 
which opens and the cud is proi)el1ed into the moutlo (Huxley.) 
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ing deer and antelopes is the Sivatherium (Fig. 5^4, 525) 
of the Tertiary beds of the Himalaya Mountains, which had 
two pairs of horns, and were gigantic creatures, nearly as 



*. 527. — Elk or Wapati.— Prom Caton’s Antelope and Deer of America. 


bulky as an elephant, and of the singular form approxi- 
mately indicated by the accompanying illustrations, having 
affinities to the an^lopes and the giraffe. 

The deer family {Cervidm) is represented in the United 


TUB 8HEEF AJSD ITS VARIETIES. 


609 


States by the common Virginian doer (Cariacus Virginianus 
Gray, Fig. 5^6), the elk or wapiti {Cervus Canadensis Erxle- 
ben, Fig. 527), and the caribou {Rangifer caribou Audubon 
and Bachman), which is probably a variety of the European 
reindeer {R. tarandus Sundevall). In these beautiful, grace- 
ful forms the solid antlers arc cast of! annually ; with the 
exception of the reindeer the females or does have no antlers. 

The prong-horn antelo})e {Aufilocapra Americana Ord, 



Fig. 628.— Head of young Prong-horn Antelope. -After Hny«. 


Fig. 538) so characteristic of tlie western plains, also drojjs 
its horns in the autumn, though they are hollow wlien shed 
and with a persistent core as in the ox and goat. Itcroj).' 
grass, not, like the deer, eating leaves of trees and shrubs ; 
“in fleetrtess it excels all other quadrupeds of our o<mti- 
nent,” though it is short winded, and does not run a great 
distance (Caton). In its horns, hollow when cast off, and the 
gall bladder, which is absent in the CervidcB, the })rong-horu 
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connects the deer family with the Bovidm, represented by 
the sheep, goat, antelope, gazelle, and ox. 

The domestic sheep {Ovies aries Linn.) is not a natural 
species, but an association of races whose specific origin is 
obscure. Some authors regard the turf sheep of the stone 
age of Europe as the ancestor of the domestic sheep, as forms 
like it are now living in the Shetland Isles and in Wales. 
It was of small size, with slender limbs, and erect, short 


liorns. This sheep was supplanted by a curved, large-horned 
form, the modern domestic sheep. This latter form is pos- 
sibly the descendant of the Ovls argali Pallas, of Asia, which 
in Korth America is re})resented by the Ovis viontana Cuvier, 
the Rocky Mountain sheep or big-horn (Fig. 530), still com- 
mon on the less accessible summits along the u])per Missouri 
and Yellowstone Rivers, as well as the mountains of Wy- 



Fig. 529.— Horns at difloront Hges of the Prong 
horn' Antelope, Phowing the hollow structure of 
the horn wlu;u tlu'd.— After IlayH. 


omi ng and Montana. 

In the same, though 
higher and more inac- 
cessible situations lives 
the rare mountain 
goat, Aploceros monta- 
mis Richardson, whose 
horns are jet black and 
polished, slender and 
conical, like those of 
the Swiss chamois. It 
is found sparingly in 
the higlier summits of 
tlie Rocky Mountains 
and the Cascade range ; 


an individual has within a few years been shot on Mount 


Shasta, California. Passing by the gazelles and true an- 


telojies we come to another characteristic American an- 


imal, the musk sheep {Ovihos moschatus Blainville, 
P"ig. 531), now confined to the arctic regions. A closely 
allied species, Ovihos prisms of Rutimeyer, formerly during 
the post-glacial period existed in England, France, and Ger- 
many. Closely allied to the musk sheep is a fossil form 
{BuOtherium of Leidy) which is regarded bv Rtltimeyer and 
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others as a musk sheep {Ovibos jmscus Ratimeyor). If this 
is the case the musk sheep, or a species closely allied to it, 
formerly extended to the Middle States at or near the close 
of the glacial period. 

We now come to the bison and ox. The American bison 



Fig. 580.~It<>cky Moiintuiti Sheep or Blg-Uorn.—From Brehni’is Tiiicrleheu. 


{Bison Aniericajius Gmclin) formerly ranged from Virginia 
and Lake Champlain to Florida, and westwai’d from the 
northern limit of trees to the Rocky Mountains and eastern 
Mexico. It is now in danger of extermination, licing mainly 
restricted to a few lierds on the plains. It is closely 
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allied to the European bison, {Bison Europwus Owen), the 
‘"auroch,^’ now preserved in the forests of BiaJowicza, and 
living wild in Caucasus, Bos primigmius Bojanus, which 



in the time of Caesar lived in Germany and England bear* 
ing the name ^^urus," is the ‘*ur” of the Niebelungen 
song. Prom it has descended the half-wild cattle in certain 


Fig. 53t.— Musk Sheep. -From Brehra’s Thierleben. 
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English parks, also certain large domestic races, such as the 
Holstein and Friesland breeds. From another fossil species 
{Bos longifrons Owen) arose the so-called brown cattle of 
Switzerland, and the ‘‘runts” of the Scottish Highlands. 
Still other domestic races are ti*aced back to another fossil 



quaternary species, Bos frontosus Nilsson. Onr present 
races of domestic cattle, liowever, do not represent a genuine 
species, but a number of races which have descended from 
several fossil species ; the name Bos taurus (Fig. 532) is 
simply, then, a conventional name (Cams’ Zoologie). The 
bison is known to breed with cattle in the Western States, 
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though whether the hybrids thus produced a»re fertile or not 
is unknown. 

The ox is succeeded by the giraffe, with its long neck, 
which makes it the tallest of all quadrupeds. 

The last family of Ungulates, the Camelidm^ comprises the 
camels of the Old World, and the llama and vicuna of South 
America. In former (Tertiary) times a llama-like animal 
inhabited the Pacific coast to Oregon. In the camels the 
upper lateral incisors are present ; the stomach is less 
distinctly divided into four chambers, the third stomach, as 
such, is wanting, though the second stomach has the deep 
cells, which suggested the fable that the camel stores up a 
supply of water in its stomach for its march over deserts. 



Pip. 53a.-Skull of Lion. 

Tho toes have very large, thick pads, while the hoofs arc 
reduced to nail-like proportions. 

Order 11. Carnivora {Form}.— Tho hear, eat, tiger, and 
lion recall the leading forms of this order. The skull is 
massive, though the head is small or of moderate size ; the 
teeth are all well developed, especially the canines ; the mo- 
lars usually have two or three roots, and the feet have large 
claw& The stomach is simple. The cerebral hemispheres 
of the lower carnivores have usually but three distinct con- 
volutions, while the latter are much more numerous and 
complica^, the brain itself being broader, in the aonatic 
fOTms {Pinnipedia). The group is divided into two sub- 
orders, i.e. the Pinnipedia or seals, and the land species {Fis- 
sipedia). In the former group the feet are webbed, the toes 
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being connected ; the wrist and foot only projecting beyond 
the skin of the body, and there are no external ears, or only 
small ones. 

The walrus (Fig. 534), tlie seals, and the eared seals or 


seii-lions ( Otarli d(v) 
ai-e the tyix's of the 
aquatic Oarmvores ; 
the sea-lions can walk 
on all foinis, and in 
cer tai n |X'cul i a ri i i es of 
the skull they reseni- 
ble the bcjirs. 

Of the terrestrial, 
normal Carnirora. the 
raccoon, couti, Cerro- 
leptesy and bear, to- 
gether with a number 
of extinct forms, arc 
the more generalized 
or lower ty]>es. Tliev 
are idantigrade, and 
while standing at the 
base of the carnivorous 
series, have some fea- 
tures suggesting and 
anticipating those of 
the lemurs, and mon- 
keys. The raccoon, 
Procyo n lot or ( h. i n n . ) , 
abounds throughout 
the United States. Al- 
lied to it is the coati 
{Nasvo) of Uentral 
America, a. (‘reaturc 
about the size of, and 
with the general liab- 



it5 (>f the raccoon, being an exceedingly knowing and mis- 
chievous animal. A number of extinct Eocene mammals 


are also allied to a small plantigrade, long - tailed carnivore, 
Cercoleptes, which resembles the Primates in its two cutting 
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pre-molars and tliree true molars ; while the rami of the 
mandible arc coossified ; for these reasons it was placed 
by F. Cuvier between the orders Carnivora and Primates 
(Cope). It is allied to the raccoon, is called the kineajou, 
and lives in northern South America. 

The bears have a thick, clumsy body, with a rudimentary 
tail, and the teeth are broad and tuberciilated, so that they 
can live indifferently on fish, insects, or berries. Our North 
American s|X3cies are the polar bear (Ursus maritbnm 
Linn.) and Ursus arctos Linn., with its varieties of brown. 


Pip. 58rt.-Skf’lcton of the Polar Boar, showing Iho plantigrade feet. 61, .scapula ; 
53, humerus; M, radius; 55, nlno; (»2, ilium; ischium; 65, femur; 06, tibia; 67, 
flbtila ; cl, caharcum ; C, cervical vcrtchru’. -After Owen. 


cinnamon and grizzly bears ; and the true black bear, Ursus 
Ameriranus T^illas. 

Tlic bears are succeeded by the 3fustdid(r, or the otter, 
skunk, badger, wolverene, weasel, mink, ermine, etc., nearly 
all of 'w hich arc valuable for their furs. 

The dog family (Ca nit fee) is represented by the fox, wolf, 
and dog. The gray fox [Urocyon Virgin ianiis Erxleben) the 
common red fox ( Vulpes vulgaris Fleming), with its varie- 
ties, the cross, silver, and black fox, as well as the wolf 
{Canis lupus Linn.), are valuable for their furs. The wolf 
is mostly gray northwai*d, becoming southward more and 
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more blackish and reddish, till in Florida hhuk wolves pre- 
dominate, and in Texas red ones." (Jordan's Manual of 
Vertebrates.) The prairie wolf or eoyoie {(^fous 
Say), is characteristic of the Western plains and Paeitie coast. 
The Indian dogs breed with the coyotc\ and the oilspring is 
fertile. (Cones.) This fact a])poars to support i he theory 
that the domestic dog (with its conventional name (Wa/s 
fcmiiUarii^ Linn.) is a descendant of tlu' wolf. Oii tlie other 
hand, Fitzinger in Ids “ Researches on ilio Origin of tlu* 
Dog," states that fourteen kinds of dogs(*an he distinginslu‘d 
in the Roman and Creek n*cords ; of llu'se he considers live 
to be principal types or species, live otlu'rs cliinalic varieties, 
the remainder being either breeds artilicially ]>roduccd or 
hybrids. As regards the Egyjdiau dogs, seven kinds may be 
distinguished, besides the jackall, thr(‘c of them being dis- 
tinct species. He believes that wolves, jackalls, foxes, etc., 
are species (piite distinct from the donu'stic dog ; tliey 
may have interbred witli the latter, and thus intluem'ed (*tT- 
tain breeds ; but they are not the ]»areuts of tlu* domestic 
dog. He concludes that th(‘re an* sev<‘n s])ecies among our 
dogs : — (\ (lo/jirsf icHSf ejirarius or spaniel and ]\b‘wfound- 
land dogs, vertafta^ or badger dog, .vc//c.r or hound, ninUtssns 
or bulldog, Irporari'Ks or greyhound, iuid the JiakiKl dog. 
C. caribcBifs. Among half-wild dogs is Hu* dingo or hunt- 
ing-dog of Australia, whicli go(‘s in ])ucks. 

The Vii'crrd and UcuHta or civet cats, and tlu* hya‘nus 
lead to tlie eat family, which staiuis at Hu* head of tlu* ('ar- 
nivora. Tlie ])anther, leopard, tiger, and lion belong lo the 
genus F'elis. The Erlls ronntlor lann., cougar or puma, 
ranges over 1 ) 0 th contJnents ; it is 1-1 -.'I iiu*tres in l(‘ugth. 
Tlu* domestic, cat. Fells (Imnestira liinn., was first d<»me^- 
ticated in Egy])t. the (1 recks ajid Romans not ])oss(*ssing 
it; the cat and coiunKUi marbui were in us(* as domesticated 
animals side by side; and at the same*, tinu* in Italy, niue 
hundred years before the (;rusade.s. It aj)})(‘ars that Hu; do- 
mestic cat of the ancients was Mnstehi (ohui (Rolleston). 

Of the lynxes there are two species in Xortli America, 
Lynx rufus Bafinesqne, the American wildcat, and the 
Canada lynx, Lynx Canadensis Rafinesrpic, Hu; latter being 
much the larger species. 
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Order XII, Primates . — The last and highest order of 
niarnmale contains a series beginning with creatures resem- 
bling squirrels and bats, i, e., the lemurs, and comprising 
monkeys, a])es, and ending with man. In all the Primates, 
the logs are exserted almost or quite free from the trunk, 
Avith tlie great toe of the liind foot usually enlarged and op- 
])osable to the others ; nails, except in the marmosets, replace 
claws ; the teeth are usually of tlie following formula : 




wdth one exception canine teeth are always present ; thepre- 
molars are usually but in tlie American monkeys 

The hemispheres of the brain may in the lower forms be 
([uite smooth, })ut in all there is a well-develoj)ed ^‘calcarine 
furrow/’ giving rise to a '^hippocampus minor' within the 
jjosterior eormi of the ventricle, by which the })osterior lobe 
of the cerebrum is traversed (Flower). The collar-bones 
(elaviel(^s) are for the first time in the series well developed. 
Tlie ])hu;enta is also ditfenuit in shape from that of other 
mammals, being round, divsk or cake-like. 

The Primates are divided into two sub-orders, i e., the 
Prosimim and Anthropoidea. The former group embraces 
the lemurs, which vary in size from that of a rabbit to a 
large monkey. They are covered, the face as Avell as tiie rest 
of the body, with a diuise fur ; Avalk on all-fours, usually 
liave long tails, though the lori is tailless, while the foi*e 
limbs are shorter than the liind limbs. The skull is small, 
llatlened, and narrow in front ; the brain-cavity small in 
proportion to the rest of the skull, i.e,, the fa(‘e C(»miiared 
with the monkeys. The cendn-al hemisjiheres are small and 
flattened, the frontal lohe.s narrow and pointed, and behind 
they only slight ly cover the cerenellum. 

liy some authors the lemurs are separated from the Pri- 
the 1/isectivora and Cheiroptera being placed betw^een 
the Prosimiw and the other They have characters 

in wliicli they resemble Insectivora, Rodentia, and Carnivora, 
but the weight of organization, or the sum of their charac- 
ters, ally them nearest to the monkeys. They are therefore 
essentially a generalized or ancestral type. Keceut disco v- 
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cries have led to the hyi*>othesis, that from still older, more 
generalized types, four lines of devoloj)ment, respectively 
culminating in Hie tyj>ical Carnivores, Cetaet^ans, lemurs, an<l 
monkeys, luive taken tlieir origin. That the lemurs, tliough 
now restricted to Madagascur, eastern Asia, and South 
Africa, were preceded by still more generalized tyjies on the 
American Continent, is indicated by the iliscovery i>f fossil 
hones in the Eocene beds of the Kocky J^Iouutains, referred 
by Marsh and Cop(‘ to the Primates; Marsh stating that 
the principal parts of the skeleton are ‘‘much as in some of 
the lemurs.” 

Allied to the true lemurs is a very puzzling creature, the 
aye-aye or tV/treu/ys, of Madagasc'ar, whose dentition dilTers 
from that of all other /Vnuu/cs, and rescmbloa that of the 
Rodents ; the thumb also is not truly ojijiosable, and all the 
liind digits, cxcejit tin* great t(>es, have, claw-like nails, ''.riie 
(jdfatji), of MT‘st Afru'a, somewliat. na'alls tin* I/isrcfivorff, 
while “in the more uetivo and Ilexihh'-hodietl l,f’nuirula\ 
the tnmk-\'('rtehne n'semble in ju’oportions, eonneet ions, and 
diree.tion of neural spines t hose of th»‘ agile* ( 'antivora,"* 
(Owen.) 

Idle genuine or siiliorder A)iihr()pi>idr(( in 

brief, eliara(;teriz(‘d by tin* large*, eonvolute'd ee*re‘bral liemi- 
spheres which ne*ariy, or in the biglu'r ape*s jind man, eametiMil 
the cerebrum when seen from abe)ve.* d'he e^ars are rouneled, 
with a distinct lobnle, and the two niarnnue arei jeea-teerul. 
Those Anthropoidva arc divided into two subdivisions, tlu^ 
first comprising the monkeys and apes, and the second, mau. 
In the first group (SwiioA), the body is jeroiie*, the animal 
walking on all-fours, only the orang and geirilla walking 
partly erect ; the great toe is rather short, thumh-like, and 
opposable to the fingers, while the body is very liairy. Tin* 
monkeys of the New World have a wide seiiium to tlie nose, 
and are hence called Platyrhinm ; they also have long tails. 

The little, squirrel-like, gregarious marmo.sotsan* the small- 
est of the monkeys and nearest allied to the lemurs. d'hey 
walk on all -fours, the anterior extremities being like the 

*In the low Hapale and Gebus, however, tlu? cenjbrum projecto 
backward as far or even farther than in man ((iill). 
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hind feet, and resting on the same plane, serving as a paw ; 
the teeth are sharply tubercled, and the nails, except those of 
the great toe, are claw-like. The cerebral hemispheres are 
nearly smooth, thougli relatively largo. Jaccliiis and Midas 
are the typical genera, inhabiting South America. While 
the marmosets {Midid(p) have but thirty-two teeth, in the 
true platyrrhine monkeys i-liere arc thirty-six teeth ; there 
being an additional molar on each side of each jaw, and the 
thumb is slightly o])posable to the fingers (though a true 
thumb is wanting in the spider monkeys). The New World 
monkeys also have long ]>rcheusilc tails, so useful in climb- 
ing as to be sometimes called a fiftli hand, as seen in the 
spider monkeys {A teles), in which tlu‘ tail underneath is 
naked and very sensitive. The skull varies greatly in the dif- 
ferent genera, as does the brain, Avhich in CJtrijsothrir, etc., 
is nearly smooth, while in ('efms the hemis]>heres are nearly 
as much convoluted as in tlu^ catarrhine aj>es. (Huxley.) 

''riie monkeys of the Old World intergrade with the apes, 
and are tlius more specialized or highly developed than 
those of the New World. The septum of the nose is narrow, 
hence they are said to be catarrlirne or thin-nosed, while the 
tail is short and not prehensile. 

The catarrhine monkeys {(krcojji thee idee) walk on all- 
fours ; the body being horizontal or prone ; they have thirty- 
two teeth, as in man, though the canines are large and 
sharj) ; the thumb is well developed, and they are truly 
quadrumanous ; the skull has a comparatively large facial 
angle, and the hemispheres of the brain are well furrowed. 
They have highly'C*olored, naked callosities over the ischiatic 
bones, and cheek-pouches for the temporary reception of 
the food. Of the l)aboons, with their dog-like muzzles and 
short tails, the mandrills are the most noticeable, with their 
whit-e beanls, scarlet lips, and blue cheeks; they are less 
arboreal than the macaques of Asia, running about over 
rocks on all-fours. The common monkeys of menageries 
are the macaques {Maeaens) of India. All the foregoing 
catarrhine monkeys have a simple stomach, as in man, but 
in the sficred monkey of India {SemnopithecAis) and the 
African thumbless CohlmSy the stomach is more complex, 
and there are no cheek pouches. 
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The apes live in trees, only occasionally walking on the 
ground ; their posture is semi-erect ; they are tiiilless, the 
fore legs are much longer than the hind legs, and used as 


arms, tlie nidi us being ca- 
pable of roni])letc prona- 
tion and supination. In 
the form of the skull, of 
the brain with its convolu- 
tions, and in the tetdh, 
there is a still nearer ap- 
])roach to man. 

Tliere are three typicad 
forms or geruu-a of a}>es, 
i.e,, the gibiion {IhfJobdfcti^ 
Fig. 536) ; the orang (Mi- 
viHes pifhvcv,s) and cliim- 
j)anzec nigoVy Fig. 

537), and the gorilla. 3310 
gibbons are nearest to the 
monkeys; they are little 
less than a metre (3 feet) 
in heiglit, and are very 
slender, with very long 
arms, so that they are rapid, 
agile climbers, also run- 
ning over the ground with 
ease and rapidity ; wdien 
standing erect the lingers 
touch the ground ; only 
the thumbs and great toes 
liave true nails, in all the 
higher apes the nails of all 
the digits being flattened ; 
the spinal column is nearly 
straiglit; they liave four- 



teen pairs of ribs and Skdcton <>f Siaman)? Ape, ugib- 

. 1 , ^ , , bon. — After Owen. 

eigliteen dorso-lumbar ver- 

tebree, there being in the other apes usually seventeen, as in 
man. The siamang lives in the fore.st td Sumatra; others 


inhabit Java, Borneo, (Jamhogia, ete. 
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The orang-outang is 1*38 metres (4^-5 feet) high ; it has 
twelve pairs of ribs, the same number as in man ; tlie arms 
arc very long, reaching the grouncl, so tliat in walking they 
rest on their knuckles, swinging tlie ])ody through their long 
anus as if walking on crutches ; their })osture is only par- 
tially erect. The forehead is less strongly marked than in 
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The average capacity of the Caucasian skull is 92 cubic inches. 

‘‘ Australian 75 ‘‘ 

“ Gorilla ‘‘ 29 to near 35 

cubic inebes. 

“ “ Cliinipanzeo “ 20 

Orang ‘* 25 

According to Wyman, the range of variation in dilTorcnt 
races of men, as seen in seventeen skulls, is from 92 to 75 
cubic inches ; in tlie gorilla from 34 to 25 cubic indies, nine 
skulls having been measured. There is but a single species 
of orang, whi(‘h is restricted to Sumatra and Borneo. It is 
said to be very intidligent, to possess a voice so loud as to be 
heard one or two miles, and to build a nest lo slec]) in. 

The cbinipanzee and gorilla are only found on I be west 
coast of Africa. The cbimjianzcHi {Mhnefes nitjvr (b‘ot!'roy 
with its variety Tscheijo, Fig. 537) inlnibils the coast from 
Sierra Leone to (Nuigo. It is about It me! res (5 feet) in 
ludglit. It can stand or run eri‘d, but it usually leans for- 
ward, resting on its knuckles ; the arms span about half as 
much again as the creature's lieight. Both tin/ (diim]>anz(‘e 
and gorilla have fourt(‘en ]>airs of ribs. The (‘bimpanzei^ lives 
on fruit, is an activ(‘ climber, and nests in trees, changing its 
rude quarters according to (drcumstanci's. Itcv. l>r. Sa-vag(‘ 
states that ^Mhey generally build not far above tin* ground. 
Branches or twigs are Ixuit, or partly lirokim, and crossed, 
and the whole sujiported by the body of a limb m- a (U’ot(‘h. 
Sometimes a nest will be found n(*ar the of a Hiranij 
leafy branch twenty or thirty feet from the ground.'’ 

The gorilla, like the chimpanzee, goes in bands, but the 
company is smaller, and led by a single adult male. '^I'hcy 
make similar nests, which, howewiw, in the case of both a]>es, 
afford no shelter, and are only occupicHl at night. The 
gorilla sometimes reaches the height of about irndres (5^ 
feet) and w^cighs about 200 pound.s. Its ordinary nUiindc is 
like that of tin/ chimpanzee ; there is a wc/b bctweiui the first 
joints of all the fingers and three of the toes, and both hands 
and feet arc broader, while the body is imudj more robust 
than in the other apes, being very broad across tlic sljoulders. 
Tlie span of the arms is to the height as three to two, or a 
little over eight feet. The skull is thick, and the strengtii 
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and ferocity of tlie creature is evinced by the thick supra- 
orbital ridges and the high sagittal and lambdoidal crests on 
the top of tlie skull ; the face is wide and long, the nose 
broad and flat, the li])s and cliin prominent. The gorilla 
walks like the chim])anzee, though it stoo])S less. It is very 
ferocious, bold, nevei* running when approached or attacked 
by man. It lives on a range of mountains in the interior of 
Guinea, its habitat, so far as known, extending from a little 
north of the Gaboon Uiver to the Congo. 

Thus, to recapitulate, while the gibbons are most remote 
from man, the orangs approach him nearest in the number 
of the ribs, the form of tlie cerebral hemispheres, and other 
less obvious characters ; the chimyKinzee is nearest rdated to 
him in the form of the skull, the dentition and the }>ropor- 
tions of the arms, while the gorilla resembles him more in 
the proportions of the leg to the body, of t he foot to the 
iiand, in the size of the heel, the curvature of tlie spine, the 
form of the pelvis and the alisolnte capacity of the skull 
(Huxk^y). Anatomists have and do differ as to whether the 
(diimpanzce or the gorilla is nearest to man. 

Whether man {Ifotno sapiens Linn.), when considered 
simply as an animal, is the representative of a distinct sub- 
class, order, suborder or family, is and may never be settled ; 
though the tendency among zoologists is to leave him among 
the Primates, where he was ydaced by Linnauis. When we 
consider the slight absolute anatomical differences separating 
man from the a])es, and take into a(;count the great variations 
in form between the different genera of apes, and still more 
in the monkeys, it seems best, throwing out, as we have to 
do in a purely zoological classification, the intellectual aud 
moral facilities of man, to adopt the view that man is 
the representative of a grouj) of Primates.'^ The absolute 
differences of man from the apes consist in tlie greater num- 
ber and irregularity of the convolutions of the cerebral hemi- 

* Geoffrey 8t. Hilaire placed man in a kingdom by bimaelf ; Owen 
assigned him to a 8ubclas.s ; by others he is generally regarded as a 
representative of an order Bimana, as opposed to the order Qaadru> 
mana, or monkeys and apes; while from recent comparative studies 
man is coneidored as belonging either to a separate suborder or a fam- 

fiy. 
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spheres, wliich are also much larger compared with the c^^re- 
bellum, and completely cover the latter : the entire brain 
being at least double the size proportionately that of the 
gorilla ; * it is also stated that two muscles exist in man 
which have not yet been found in any ape, the prinii 

inienmlii polJicis and the peroiurus tvrtiuH, !)elonging to (he 
thumb and foot i(‘S])ecti vely (Iluxltw). f Th(?re are also })oints 
in the origin of certain muscles which are })eculiar to man, but 
Huxley adds that all the appanuit ly distin(;tiv(‘ jx'culiarities 
of the muscles of the aj)es are to lx; met with, occasiomilly, 
as varieties in man. On tlie other hand, the rtdative ditTer- 
enees of the skulls of the gorilla and man are, its Huxley 
states, “ iimnenst*. ■’ Inman the cranial hox overhangs the 
orbits ; in the gorilla the foreh(‘ad is hollowed out. The 
hinder })ortiou of the brain is also much more developed in 
man tluin in tlu' apes, and in the hindi'r part of tlu^ lumii- 
sj»hcres (In* convolutions are mor(^ numerous than in tlui 
chimj)an/('0, this ])art in monkeys losing its con volutions 
ahogetluu' (Wyman). Man stands luxad- ; his arms span a 
distanci! e<|ual to liis luught ; the spinal (‘olumn has four 
curves; the skin of the hands and feet of man is highly 
sensitive, eompanxi with (hat of th(‘ aj)es. h’inally, as (hivior 
stated, the grand distinctive* zoological character separating 
man from the o( I ku* animals is (he jtossession of tin? jxoser of 
s}»eech. 

Sometimes in mati the coccyx has one or two more joints 
than the normal number, but the apes iiav(; no tail ; though 
(he human embyro, like other young animals, has a tail, 

* “ It must not 1)0 overlookod, howovor, that there jb a 
difference in absolute mass and weight between the lowest huinun 
brain and that of the highest ape — a difference which is all the ni<»r(^ 
remarkable when we recollect that a full-grown gorilla is probably 
pretty nearly twice ns lieavy as a BobJcs man, or as many an European 
woman. It may he doubted whether a healthy human brain ever 
weighed less than thirty-one or two ounces, or that the heaviest gorilla 
brain has exceeded twenty ounces.” In another plnc(5 Huxley Mtates 
that “ an average European child of four year’s old has a brain twice 
as large as that of an adult gorilla.” — Man' ft Place in Nature. 

f Dr. Chapman has found in the arm of a gorilla a distinct extemor 
primi internodii poUicis muscle, but no trace of the flexor longui poUu 
cis.— American Naturalist, June, 1870, p. 305. 
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and, ag Wyman has observed, it is not impossible that it 
might sometimes continue to exist after birth. The black 
and Australian races are slightly nearer the apes than civil- 
ized peoples. In apes, as in ihe lower mammals, the pelvis 
IS higher than wide ; when there is a degradation in the hu- 
man pelvis it tends to become higher than Avide, as seen in 
the pelvis of tlie Hottentots. In civilized man the legs are 
one half the height of the body, but in the South African, 
Hottentot, and Bushmen the legs arc a little less than half 
the height, and the thigh bone is flattened from side to side, 
as in the gorilla. The waist is broader in the Atrican than 
in the European ; the os calcis is not longer in negroes than 
in the white man, the larger heel of tlu^ former being simply 

due to an expansion of the 
soft [)arts. 

The form of the skull va- 
ries greatly in the dilferent 
races, and even in individ- 
uals of the* sauie raecj of 
mankind, d'his is s(‘eii in 
the ditTerenee of iho. facial 

538.— Sknll of a Negro, Fhowing its aJUflc. ddlis is obtained hv 
progiiathiHm.-AfterOwcn. ‘ a line fnuil tho 

oeci])ihil condyle along the floor of the nostrils, and inter- 
secting it by a second, touching the most prominent ]Kirts 
of tbe fondiead and u]>]»er jaw ; lln^ angle they make is 
an index of ihe cranial capacity, and of the degree of in- 
telligence of the individual. Tlie faciail angle in the reptiles 
is very sliglit, as it is in t he birds ; in the dog it is 20'’, in the 
gorilla 40°, in the Australian 85', in the civilized Caucasian 
it averages !)5'\ while ihe Creek scul})tors adopted an ideal 
angle of 100 \ (Owen.*) When the lower part of the face 
])rotrudes, as in the negro, the face is .said to ha pray nathouH 
(Fig. 538) ; Avhere the facial angle is high, and the face 
straight, as in the more intellectual forms, the cranium is 



* Pagensteclier states that the facial angle in the Caucasian Euro- 
pean is 80’'-85^, and even over 90"’ ; in the Mongolians 75"--80^ ; in 
negroes 70‘'~75'’ ; in the tribe of Makoias in South Africa 64“ ; in the 
tril)e of Tikki-Tikki, or Akka m^groes, the dwarfs described by 
SeUweinfurth, only 60“^. — Allgemeine Zoologie, i., p. 250. 
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said to be orthognat Jious* Those skulls which are high and 
narrow, Le,, with the longer diameter to tlie shorter, as 100 
to 65, are Siiid to be dolichocephalic, while those with the 
diameters as 100 to 85 are called hrachgcephaJic, but these dis- 
tinctions liave been found to be quite arbitrary. 

The classification of the human races is in as an unsatis- 
factory state as tliat of the domestic animals. Naturalists 
are now agreed that there is but one species of inan. Blu- 
menhacli, from the shape of the skull and the color of the 
skin, divided nunikind into three varieties, tlie white orOau- 
easian, tlie brown or Mongolian, and th(‘ ))laekor Ethiopian, 
considering the American variety as cojinecting tlu; ( /aueasian 
and Mongolian, and the Malayan as int(‘rnu‘diate betw^een 
the Caucasian and Ethiopian. Ihirnilton Smith divided 
man into three varieti(‘S, Caucasian, Mongolian, mid 1'ropi- 
cal ; Latham, also, into three, Japetiihe, Mongolidjv, and 
Atlantidie ; and rickering into w hite, brown, and black 
varieties, w ith internuMliatc^ races. Huxhy divides the dif- 
ferent races into two ])rimary grou])s, tin* FUdrirhi, with 
crisp or woolly liair, and tlu‘ Lvlolrichi with smooth hair. 

The averugi^ height of Englishmen is 5 -8-5 -It) feet ; in 
the universities more. In AnnuMca, tlui averagi^ lieight of 
medical and military men is o-O;} feet, d'he Eatagonian men 
are nearly six feet liigli on an average; tlu^ Avonum 5 10 fed.; 
the Bushman and Esipiimaux 4-7, the lattc'r b(‘ing the small- 
est people on the earth. 4die smalk'st dwarfs in hiUr<)pe 
wau’c 35 and ^18 inches in ludght respectively ; Avhile Pat- 
rick Cotter, the Irisli giant, Avas 8 find. 7 inches tall. 

It is claimed by some naturalists that man has descended 
from some generalized ty]>o of animal Avliich gave rise to 
several scries of forms culminating in tlie monk(*ys, apes, 
and man respectively, and by others that he is a dire(!t, 
descendant of forms like the chimpanzei*, or gorilla; hut 
it is probable that from the want of sufludiuit data, 
the question as to the origin of man can nevi^r be def- 
initely settled. Setting hypothesis asidi*, in ascending 
the mammalian series, we have seen in the forms lead- 
ing from the extinct Eocene generalized typos of Ed- 
ncahilia to the Carnivora and f^rimates, a bmdency to 
an extreme specialization of those parts ministering to the 
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intellectual behests of the creature. On the other hand, in 
all general points, man’s limbs are those of the primitive 
type so common in the Eocene Period. As Cope remarks : 
^‘He is plantigrade, has five toes, separate carpals and tar- 
sals ; a short heel, rather flat astragalus, and neither hoofs 
nor claws, hut something between the two. The bones of 
the fore arm and leg are not so unequal as in the higher 
types ; and remain entirely distinct from each other, and the 
ankle joint is not so })erfect as in many of them. In his 
teeth his character is thoroughly primitive. He possesses, in 
fact, the original (piadrituborculate molar with but little 
modification, llis structural superiority consists solely in 
the complexity and size of his bruin.’’ 

Whether man in common with other animals is the result 
of divinely ordered processes of biological laws, appearing at 
the head of a long series of forms, and, as j)robably many 
other animals liave, with com])arative suddenness, being at 
the outset in all essential respects mfUi, tlioiigh a savage, and 
not with a long ]){;digree of morjdiologically impossible Dar- 
winian missing links,” — whether he thus originated, or by 
an inde])endcnt creative act, the result is a l)oing concerning 
whom the fact that he is physically an animal, is after all the 
least im})ortant (diaractoristic of ilie nature of him who is 
the historian of his own and other species ; who is capable 
of studying and in a degree cornprelionding the universe in 
wliich lie lives, and wlio whatever liis jihysical origin may 
have been, lias intellectual, moral, and spiritual capabilities 
which render bis nature susceptible of endless improvement, 
endowing him with immortality and all that it involves. 

(d.Ass VII. — Mammalia. 

Body covered )Hth hvir ; young nouHshed trith milk accj'ctcdin mam- 
nm ; lower Jaw articulating directly trith the i^knll, the quadrate bone he* 
coming one of the ear-l)ones {nialkus) ; a diaphragm dividing the hody- 
eavily into thoracic and edtdominal portions ; heart with the aorta reflect* 
ed over the left bronchus; blood-corpuscles non*tiucleated ; brain large, 
especially the cerehral Mniisphercs ; civiparous ; uterine gestation. 
Subclass L 07‘nithodelphia. — Order Monotrernata . — Urinary and jjen- 
ital outlets opening into the cloaca. (Ecliidna, Ornitho 
rhynchus.) 
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StOelaM n. Order Mm-evpialia—Uemaait with a tnar- 

supiam and bonea Bupporting it. (Macropua, Dldelphys.) 

Subciate III. Monodephia. — Placental mammals. 

Super-order /. InedueabUia. — Brain with a relatively small 
smooth cerebrum. 

Order 1. i?r wia.— Incisors absent; Bomethncs tootbless. 
{Bradypus.) 

Order 2. Rodents, incisors lar^re. (Sclurus.) 

Order li. Fore limbs often ]>eculiarly adapted 

for burrowing; molars willi eonionl cusps. (Sciilops.) 

Order 4. Vhiroptera. — Fore limbs adapted for flight, (Ves- 

portilio.) 

Super-order IJ. Kducahilia . — Brain with a ndativcdy largo, con- 
voluted cerebrum. 

Order t). ikic- — (Vtacoans; fish-like in form, no hind 
limbs. (Halauia. ) 

Order (>. Sirenid. — Fish-likt* in form, hut will* Hsccnding 
rami to iho lower jaw ; teeth ruminant-like. (Mana 
tus.) 

Order 7. Snout prolonged into a proboHcis. 

(Elephas.) 

Order 8. Ifyraeoiden - — Long curved incisors ; feet with 
])ads; tooH encased in hoofs, (llyrax.) 

Order 9. Toxe/douti'i . — Extinct forms, with wtdl devcdoped 
incisors. (Toxodon.) 

Order 10. Unrjulata. — Ungulates; twH ^incased in lioofs. 
(Equus, Bos.) 

Order 11. (kirninora . — Teeth pointed; claws largo. (Felis, 
Can is.) 

Order 12. Primates . — Brain with cerebrum nearly or<|uite 
covering the cereV>elluni ; nails usually [iresent ; laxly 
quadrupedal, quadrumanous, or erect and bimanous. 
(Ccbus, Gorilla, Homo.) 

Laboratory Work. — All the craniate vertebraU^a may dissected In 
the same general manner, either under water in pans, or, if large, upon 
the dissecting table. The necessary tools are a scalpel, forctips, scis- 
sors, and tenaculum or hook for suspending the specimens or portions 
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of large subjects for better facility in dissecting. A small sharp- 
pointed narrow-bladed scalpel, besides a large one, curved, as well as 
sharp-pointed scissors are useful, with a German silver blow-pi pe 
for temporarily distending vessels; and also a blunt-pointed copper 
wire or probe made for surgeon’s use, will bo necessary. All these in- 
struments, put up in a compact box, can be purchased at the surgical - 
iiistruinent maker’s, as well as syringes for injecting the circulatory 
organs and vascular parts of the viscera. 

Tabui.au View of the Seven Ceasses of Vektebrates. 



SuB-nuANcn II.— GRAN IOTA 


Sub BRANOif I.— AC’RANIA. I. Leitocardii (Lancelot). 



CHAPTER IX. 

COMPAEATIVE ANATOMY OF OEGANS. 

IIavikg studied the mor])hology of auimiils in a system- 
atic way, it will be well for the student to make a brief re- 
view of those facts stated in the foregoing chapters bearing 
on the origin and successive degrees of complication of the 
most important organs. 

Organs of Digestion— The Mouth and Teeth. — The most 
important organs in tlie animal system are lliose roljding to 
digestion, as an animal may res])ire solely through its body- 
walls, or do without a circulatory or nervous system, but 
must eat in order to live and grow. The ()])eiiing by which 
the food is taken into the alinumi.ary (ainal is called the 
mouth, whetlier refenuice is made to the mouth” of a 
hydra or of a vertebrate ; although tlu^ structure of t he edges 
may differ radically, still in all Meiazoa the mouth is due to 
an inpushing of the ectoderm, however ditTerently the 
edge of the mouth may be supported and elaborat(‘(i. The 
edges of the mouth are usually called the lips, hul; true lips 
for the first time a])pear in the Mamn)alia. The trituration 
or mastication of the food is accomplished among the in- 
vertebrates in a variety of ways, and by organs not always 
truly homologous. 

Hard bodies serving as teeth occur for the first time in the 
animal series in the sea-urchins, where a definite set of cal- 
careous dental processes or teeth (Figs. 78 and 7b), with solid 
supports and a complicated muscular apparatus, serves for 
the comminution of the food, which consists of decaying an- 
imals and sea- weeds. In those Echinoderms wliich do not 
have a solid framework of teeth, the food consists of minute 
forms of life, protozoans and higher soft-bodied animals, 



Among the worms true organs or mastication for the fim 
time appear in the Rotatoria (Fig, 122)^ where the food, such 
as infusoria, etc,, is crushed and is partly comminuted by 
the well-marked hornj or chitinous pieces attached to the 
mastax. In most other low worms the mouth is unarmed. 
In the leeches there arc three, usuallj in the annelids two, 
denticulated or serrate, chitinous flattened bodies situated 
in the extensible pharynx of these worms, and suited for 
seizing and crushing their prey. 

In the higher mollusks, such as the snails ( Ceplialopliora) 
and cuttles, besides broad thin pharyngeal tcetli, compara- 
ble with those mentioned as existing in the worms, is the lin- 
gual ribbon already described (p. 270, Fig. 215), and admira- 
bly adapted for sawing or slicing sea- weeds and cutting 
and boring into hard shells, acting somewhat like a lapi- 
dary’s wheel ; this organ, however, is limited in its action, 
and in the cuttles the jaws, which are like a parrot’s beak, 
do the work of tearing and biting the animals serving as 
food, which are seized and held in place by the siickered 
arms. 

In the crustaceans and insects we have an approach to 
true jaws, but here they work laterally, not up and down or 
vertically, as in tlie vertebrate jaws ; the mandibles of these 
animals are modifled feet, and the teeth on their edges are 
simply irregularities or sharp processes adapting the mandi- 
bles for tearing and comminuting the food. It is generally 
stated that the numerous teeth lining the crop of Crustacea 
and insects (Fig. 282) serve to further comminute the food 
after being partially crushed by the mandibles, but it is now 
sup])Osed that these numerous ])()ints also act collectively as 
a strainer to keep the larger particles of food from passing 
into the chyle-stomach until linely crushed. 

The king-crab burrows in the mud for worms (Nereids, 
etc.) ; these may be found almost entire in the intestine, 
having only been torn here and there and partly crushed by 
the spines of the base of the foot-jaws, which thus serve the 
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purpose effected by the serrated edges of the mandibles of 
the genuine Crustacea and insects. 

Among vertebrates, the lancelet is no better off tliaii the 
majority of the Coelenterutes and worms, having no solid 
parts for mastication ; and we have seen tliat the jaws and 
teeth of the hag-tish and even the lamprey eel form a very 
different apparatus from the jaws Jind its skeleton in the 
higher vertebrates ; and that, even in the latter, the bony 
elements differ essentially in form in tlie different classes, 
though originating in tlie same maiuier in embryonit* life. 
In the birds we have seen that the mandible and maxilla are 
encased in horny plates, that true teeth are remarkably ex- 
ceptionable, the gizzard being, however, ])rovidod with two 
hard grinding surfaces ; on the other hand, mammals with- 
out teeth are exceptionable. 

The teeth of fishes are developed, no( only in Ihe jaws, 
but on the different hones ])rojecting from the sides and 
roof of the moutli, and extend into the tliroat. In many 
cases, in the bony tislies, tliese sharj) n^cui’ved te(‘th serve to 
prevent the prey, such as smaller lish, from slip})ing out of 
the mouth. On tlie other hand, the ui)per and lower sides 
of the mouth of certain rays {Mfiliohafis) are like the solid 
pavement of a street, and act as an u])per and nether mill- 
stone to crush solid shells. 

In the toothless ant-eaters the food consists of insects, 
which are swallov/cd without being crushed in tlie mouth ; 
true teeth in the duckbill are wanting, their ]da(;(; being 
taken by the horny processes of the jaws, while in Steller’s 
manatee the toothless jaws are provided witli horny solid 
plates for crushing the leaves of aquatic succulent ])lants. 
Examples of the most highly differentiated teeth in viu’te- 
bratcB are seen in tliosc animals, like the hear, whose food is 
omnivorous, consisting of flesh, inscets, and berries, wliere 
the crown of the molars are tuberculate; while tlie canines arc 
adapted for holding the prey firmly as well as for tearing the 
flesh, and the incisors, for both cutting and tearing the food. 

The simplest form of a genuine digestive or enteric canal 
is to be found in the Hydra, and in a more advanced stage 
in the marine Hydroids. For the technical name of the 
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digestive tract we may adopt Haeckers term enteron. In 
the jelly-fishes the stomach opens into four or more water- 
vascular canals or passages, by which the food, when par- 
tially digested and mixed with sea*water, thus forming a 
rude sort of blood, supplies the tissues with nourishment. 
In the sea-anemones and coral polyps, the digestive cavity is 
still more specialized, and its walls are partly separated from 
the walls of the body, though at the posterior end the 
stomacli opens directly into the body-cavity. In the Echi- 
noderms and worms do we find for the first time a genuine 
digestive tube, lying in the perivisceral space (which, with 
Haeckel, we may call the ccehim), and opening externally 
for the rejection of waste matter. 

In the worms tlie digestive canal now becomes separated 
into a moiitli, an oesophagus, Avith salivary glands opening 
into the mouth, and there is a division of the digestive tract 
into three regions — i.e., fore ((esophagus), middle (chyle- 
stomach), and hind (intestine) enteron. In the mollusks 
and liigher worms there is a Avcll-marked sac-like stomach 
and an intestine, witli a liver, present in certain worms (in 
the ascidiaus and mollusks), o])ening into the beginning of 
the intestine. All these divisions of the digestive tract ex- 
ist still more clearly in the Crustacea and most insects. In 
the latter, six or more excretory tubes (Malpighian vessels) 
discharge their contents into the intestines, and in the “ res- 
piratory tree of the Holothurian and the excretory vessels 
of certain worms we have organs with probably similar uses. 

In the vertebrates, from the lancelet to man, the alimen- 
tary canal has, Avithout exception, the three divisions of oes- 
ophagus, stomach, and intestine, with a liver. In this branch 
the lungs are either, as in the lancelet, modified parts of 
the first division of the digestive tract or originally sac-like 
dilatations of the digestive tract. The intestine is also 
subdivided in the mammals into the small and large intestine 
and rectum, a coecnm being situated at the limits between 
the small and large intestine. We thus observe a gradual 
advance in the degree of specialization of the digestive or- 
gans corresponding to the degree of complication of the an- 
imal. 
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Organs of Circulation. — Intimately associated witli the 
digestive canal are the vessels in which the products of di- 
gestion mix with the blood and supply nourishment for the 
tissues, or, in other words, for the growth of the body. In 
the Infusoria the evident use of the contractile vesicles is to 
aid in the diffusion of the partly digested food of these mi- 
croscopic forms. In the Hydra the food-stuff is directly 
taken up by tlie cells lining the ccelum, wliile the imper- 
fectly formed blood also finds access to the hollows of the 
tentacles. The mode in which the cells lining the <‘anals 
in the sponge take up, by means of the large cilia, micro- 
scopic particles of food, directly absorbing them in their 
substance, is an interesting example of iho mode of nourish- 
ment of cellular tissues of the lower animals. 

The sea-anemone iiresents a step in advance in organs of 
circulation ; here the partly digested food esca[)es tlirough 
the open end of the stoinacli into llie pei*i\ isciM’al cliarnbers, 
the action of the (hlia, with the contractions of (he body, 
churning the blood, consisting of sea-water and the jiarticles 
of digested food, and a few blood-(‘or])nscles, hitlier and 
thither, and forcing it into every interstice of the body, 
even into the timtacles, so that the tissues arc everywhere 
supplied with food. 

The water-vascular system of the Codenterates presents an 
additional ste]) in degree of complexity ; Init it is not until 
we reach the Echinoderms on tlie one liaud, and sucli 
worms as the Nemertes and allies on the otlier, where defi- 
nite tubes or canals, the larger ones contractile, and in the 
latter typo at least formed from tlic mesodtjrm, serve to 
convey a true blood to the various 2)art8 of the body, that 
we liavc a definite blood system. In the Eehinoderms a 
true hiemal or vascular system may co-exist with the water- 
vascular system. In the annelids, such as the NereiM^ one 
of the blood-vessels may be modified to form a pulsating 
tube or ‘‘ heart,” by which the blood is direidly forced out- 
ward to the jieriphery of the body through vessels wliicli may, 
by courtesy, be called arteries, while the blood returns to 
the heart ” by so-called veins. 

The mollusks liave a circulatory system which presents a 
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nearer approach to the vertebrate heart and its vessels than 
even the crustaceans and insects, for the ventricle and one or 
two auricles, with the complicated arterial and venous sys- 
tem of vessels of the clam, snail, and cuttle-hsh, truly fore- 
shadow the genuine heart and systemic and pulmonary cir- 
culation of tlie vertebrates. The mollusks, and king-crab, 
and tlie lobster present some approach to the capillaries of 
vertebrates. The circulation in certain worms, from Ne- 
inertcH upward, may be said to be dosed, the vessels being 
continuous ; but they are not so in insects, where true veins 
are not to be found, the blood returning to the heart in 
channels or lacimm in the spaces between the muscles and 
viscera. 

AVe have seen that in vertebrates tlie aorl ic heart of the 
lancelet or Amphioxv,'^ is simply a pulsating tube, and there 
are portions of other vessels which are pulsatile, so that 
there is, as in some worms, a system of “hearts.” A gen- 
uine lieart, consisting of an auricle and a ventricle only, first 
ap})cars in the lamprey. This condition of things survives 
in fishes, with the exception of those forms, such as the lung- 
fish (Dijmoans), whose heart anticipates in structure that of 
the amphibians and reptiles, in which a second auricle ap- 
pears. Again, certain reptiles, such as the crocodiles, antici- 
pate the birds and mammals in having two ventricles — i,e,, 
a four-chambered licart. It should be borne in mind that 
in early life the heart of all skulled vertebrates {Craniota) 
is a simple tube, and as (logenbaur states, “ as it gradually 
gets longer than the space set apart for it, it is arranged in 
an 8-sluij)ed loop, and so takes on the form wliich the heart 
has later on.'^ Owing to this change of form, it is divided 
into two ]iarts, the auricle and ventricle. 

A striking feature first encountered in the craniate ver- 
tebrates is the presence of a set of vessels conveying the 
jiutricnt fluid or chyle which filters through the walls of 
the digestive canal to the blood-vessels ; these are the lym- 
phatics, In the lancelet, as well as in the invertebrate ani- 
mals, such vessels do not occur, but the chyle oozes through 
the stomach-walls and directly mixes with the blood. 
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Organs of Bespiraiion.— Always in intimate relation with 
the circulatory system are the means of respiration. Tlie 
process may bo carried on all over the body in the sini])le 
animals, such as Protozoa or sponges, or, as in Cielenterates, 
it may be carried on in the water- viiscular tubt‘s of those 
animals, while in the so-called ‘‘ respiratory tree’' of Ecliiii- 
oderms'it may go on in company with the ]>erforinance of 
other functions by the same vessels. Kespiration, however, 
is inclined to be more active in such hnely su])di\id(Ml parts 
of the body as the tentacles of ]>olyps, of worms, or any 
filamentous subdivisions of any of the invert(‘brates ; tliese 
parts, usually called gills, though only the gills of lisbes are 
truly such, present in the aggregate a broad res]>iratoi‘y sur- 
face. Into the hollows of Ibese lilanumtoiis processes, 
which are usually extensions of the bo<ly-walls, blood is 
driven through vessels, and the oxygen in the water bathing 
the gills filters through the integument, ami immediabdy 
gains access to and mixes with the blood. 

The gills of the lower animals appear at first sight as if 
distributed over the body in a wanton manner, a[)pearing 
in some species on the bead, in others along the sides of tlu^ 
body, or in others on tlie tail alone ; but in fa(;t they always 
arise in siudi situations as are best adapted to tlie mode of 
life of the creature. 

The gills of many of the lower animals afford an admira- 
ble instance of the CH^onorny of nature. The ttmtaeles of 
polyps, polyzoans, braebiopods, and many t,rne worms serve 
also, as delicate tactile organs, for grasping and (ionveying 
food to the mouth, and often for locomotion. The suckers 
or “ feet” of star-fish or soa-undiins also without dou))t 
perform the office of gills, for the luxuriously ]>ranct)(‘d, 
beautifully-colored tentacles of the sca-cucuinher are simply 
modifications of the ambulacral feet. One of the readiest 
ways of judging of tlie mental condition, so to s[>eak, of a 
worm, sucli as Sahella or Terehrdla or of a, ]>olyzoon or a 
brachiopod, is to watch the movements of their Ix^jiutiful 
delicate gills, which are thrust in or out, Avaved hack and 
forth, slowly or suddenly, according to tlie degree of tran- 
quillity or disquietude of their possessors. 
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In the mollusks, especially the snails and cuttle-fish, the 
gills are in close relations with the heart, so that in the cut- 
tle-fish tlie auricles are called “branchial hearts/’ The 
gills of crustaceans (Fig. 259) are attached either to the 
thoracic legs or are modified abdominal feet, being broad, 
thin, leaf -like processes, into which the blood is forced by 
the contractions of the tubular heart. Eespiration in the 
insects goes on all over the interior of the body, the tracheal 
tubes distributing the air so that the blood becomes oxyge- 
nated in every part of the body, including the ends of all the 
aj)pendages. The gills of aquatic insects are in all cases fila- 
mentous or leaf -like expansions of the skin permeated by 
trachea) (Fig. 320) ; they are, therefore, not strictly homolo- 
gous with the gills of crustaceans or of worms. 

Tlie gills of llshos are so situated as to be constantly 
bathed by fresli water ; in the ampliibians and lung-fishes, 
lungs, which are outgrowths of the enteric canal, replace the 
air-sacs of the fishes, the air being now swallowed by the 
mouth and gaining access by a special duct, the larynx, to 
liighly specialized organs of respiration, the lungs, which 
are situated in the thoi'acic cavity near the heart. 

The Nervous System.— We have seen that animals of com- 
paratively com])licated structure perform their work in the 
animal economy without any nervous sj^stem whatever. It 
has been ojily recently discovered that in a few jelly-fish is 
there, for the first time in the animal series, a consecutive 
nervous system, with definite nerve-centres or ganglia. In 
most Acalephs none has been found, so that the majority 
of Cmlenteraies perform tlieir com])licated movements, 
swimming about for food, taking it in, digesting it, and re- 
producing their kind, without the aid of what seems, when 
we study vertebrates alone, us tlie most important and 
fundamental system of organs in the body. 

The Protozoa, sponges, and most Codenterates depend, for 
the power of motion, on the contractility of the protoplasm 
of the body, wliethcr or not separated into muscular tissue. 
In the Hydra for the first time appear the traces of a ner- 
vous tissue in the so-called nervo-muscular cells, one por- 
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tion of a cell being muscular, the other nervous in its func- 
tions. 

A more definite nervous organization is the disconnected 
bodies and rod-like nerve-cells, and other nervous bodies 
found near the eye-spots, and the nerve-cells and tibros at 
the base of the sea-anemone ; but, as lias been stated, a gen- 
uine nervous system for the first time ajipears in certain 
naked-eyed jelly-fishes, in which it is circular, sharing tlio 
radiated disposition of parts in these animals. The Echin- 
oderms have a well-developed nervous system, consisting of 
a ring (without, however, definite ganglia, though masses of 
ganglionic cells are situated in the larger nerves), surround- 
ing the wso]>hagiis, and sending a nerve into eatfii arm ; or in 
the Holothurians situated under the longitudinal muscles 
radiating from that muscle closing the moutli. 

In all other invertehrate animals, from the worms and 
mollusca to the crustaceans and insects, tlie luu-vous system 
is fundamentally built upon tlie same jdan. ''Fliere is a ])air 
of ganglia above the oesophagus called the ‘‘ brain on ihe 
under side is usually a second pair ; the four, with the mtrves 
or commissures connecting them, forming a ring. This ar- 
rangement of ganglia, often called tlie (esophageal ring,’' 
constitutes, with the slender nerve-threads leading away from 
them, the nervous system of the lower worms, in many of 
wliich, however, as also in the J*ohfzoa and lirachiopoda, 
the suhmsopliagoal ganglia are wanting. Now to the 
(esophageal ring with its two pairs of ganglia add a third 
pair of visceral ganglia, and wo have tlie nervous system 
of the clam and many mollusks. In the higlu'r ringed 
worms, the Annulaiay and in the (Tustacoa and Insects, a 
chain of ganglia, or brains, whicli is ventral, lying on the 
floor of the cxelum or body-cavity, com])]ctes the highest 
form of nerve-centre found in the invertebrate animals, 
unless we except the mass of ganglia, partly enclosed in an 
imperfect cartilaginous capsule of the Cephalopods, which 
hints at the brain and skull of Vertebrates. The nervous 
cord of the Appendiculariay an Ascidian, is constructed on 
the same plan as in the Annulata, hut the mode of origin and 
apparently dorsal position of the nervous system of the 
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tailed larval Ascidian presents features which apparently 
anticipate the state of things existing among the lower ver- 
tebrates, such as the lancelet. 

In the last-named animal the nervous cord has a dorsal 
position — i.e., rests above the alimentary canal ; but as yet 
no brain a])pears, only a very sliglit enlargement of the an- 
terior end of the nervous cord from which a few nervous 
threads are distributed to minute sense-organs in the head. 
In all the craniate Vertebrates, from the lamprey upward, 
the brain is a series of close-set ganglia, having a definite 
site, enclosed by a skull or brain-])Ox, and with definite re- 
lations to tlie sense-organs. Attention lias jilready been 
given in a general way, in the foregoing pages, to the increas- 
ing complexity of the brain, especially to the relative size 
and markings of the cerebral liemisjdieres and cerebellum, 
as we rise from the fish to man. 

Organs of Sense.— Whil(‘ all animals, jierhaps without 
exception, unless it be the root-barnacles, and a few other 
parasitic forms, have the sense of touch, which, in the lower 
Protozoa is so slight as to be com}>ared with the contractility 
common to all living }>roto])lasmic matter, whether existing 
in cellular tissue or one-celled, independent animals ; not all 
of the lower animals have, however, definite sense-organs. 

The Eye.— The most important of these are undoubtedly 
eyes, as tlicy are the most commonly met with. The sim- 
plest form of eyes are perhaps those of the sea-anemone, in 
which there are, besides pigment cells forming a colored 
mass, refractive bodies which may break up the rays of light 
impinging on the pigment spot, so that these creatures may 
be able to distinguish light from darkness. The next step 
in advance is where a })igment mass covers a series of refract- 
ive cells called “ crystalline rods ’’ or ** crystalline cones,” 
which are situated at the end of a nerve proceeding from 
the “ brain.” Such simple eyes as these, often called “ eye- 
spots,” may be observed in the fiat worms, and they form 
the temporary eyes of many larval worms, Echinoderms 
and mollusks. In some nemertean worms, such as certain 
species of Polia and Kemerfes, true eyes appear, but in the 
ringed worm, lYeophanfa relax, Greef describes a remarka- 
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bly perfect eje, consisting of a projecting spherical lens 
covered by tiio skin, behind which is a vitreous hotly, a 
layer of pigment separating a layer of rods from the exter- 
nal part of the retina, outside of which is the expansion of 
tlie optic nerve. Eyes are also situated on the end of the 
body in some worms, and in a worm called Polyophthalnnoy 
each segment of the body bears a ])air of eyes. 

The eyes of mollusks are, as a rule, highly organized, un- 
til in the cuttle-fish tlie eye becomes nearly as Inghly de- 
veloped as in fishes, but still the eye of the cuttle-lish is not 
' homologous with that of Vertebrates, since in tlie former 
the crystalline rods are turned toward the opening of the 
eye, while in W^rtebrates they are tunual away fnmi th(‘ 
oj)ening of tlie eye, so that, as Huxley as wc'll as (legt'ii- 
baur show, the r(‘semblance between the eye of the ('e- 
phalopods and of the Vertebrates is n su]H‘r(Koal one. 

While, as we have seen, the eyes of the worms and the 
mollusks are situated arbitrarily, by no means invariably 
placed in the head, in tlie ('rustaeeans iho eyes assumes in 
general a definite position in the liead, (*xe(‘[)t in a schizo- 
])od crustacean {Eupluvusia)^ where tliere are eye-like organs 
on th5 thorax and abdomen. lninse(*ts there are Ijoth sim- 
ple and com{)ound eyes occupying definitely the np])er and 
front part of the head. 

The eyes of the lancelet are not homologous with those 
of the higher Vertebrates, Ixung only miimte pigment spots 
comparable with those of the worms. In the* skulled Ver- 
tebrates the eyes are of a definite number, and in all the 
types occupy a definite position in the head. 

The Ear.— The simj)lest kind of auditory organ is to be 
found in jelly-fishes, where an organ of hearing first occurs. 
In these animals, situated on the edge of the disk, arominutti 
vesicles containing one or more concretionary bodies or 
crystals. Ileasoning by exclusion, these are supposed to rep- 
resent the ear-vesicles or otocysts of worms and mollusks ; 
and the concretions or crystals, i\\Q otoliths of the same kind 
of animals. 

The otocysts or simple c^ars of worms and mollusks are 
minute and usually difficult to find, especially tlie auditory 



ZOOLOGY. 


ij4:'Z 

nerve leading from them to tlie nerve-centres. In the 
clam it is to be looked for in the so-called foot. In the 
snails tlie auditory vesicles are placed in the head close to 
the brain, as also in cuttle-fish. The ears of Crustacea are 
sacs formed by inpushings of the integument filled with fluid, 
into which hairs project, and which contain grains of sand 
which have worked in from the outside, or concretions of 
lime. These are situated in the shrimps and crabs at the 
base of tlie inner antennae*, but in certain other lower Crusta- 
cea, as in My, ns, they arc placed at the base of the lobes 
of the tail. In the insects the car is a sac covered by a 
tympanum, with a ganglionic cell wdthin, leading by a 
slender nerve-fibre to a nerve-centre, and in these animals 
ilie distribution of cars is very arbitrary. In the locust they 
are situated at the base of the abdomen (Fig. 279) ; in the 
green grasshoppers or katydids and the crickets in the fore 
tibiie ; and it is probable that in the butterflies the antennte 
are organs of liearing. 

The vertebrate ears arc two in number and occupy^ a dis- 
tinct, permanent position in the skull, however much modi- 
fied the middle and outer car become. 

Organs of Smell.— The sense of smell is obscurely indi- 
cated by special organs in the invertebrate animals, nasal 
organs us such being characteristic of the skulled Vertebrates. 
AVhether organs of smell exist in any worms or not is un- 
known ; there are certain pits in some worms which may 
j)()ssibly be adapted for detecting odors. In some insects at 
least the organs of smell are without doubt well developed ; 
the antenme of the burying beetles are large and knob-like, 
and evidently adapted for the detection of carrion. It is 
possible that certain organs situated at the base of the wings 
of the flies and on the caudal appendages of the cockroach 
and certain flies (Fig. 290) are of use in detecting odors. 
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DEVELOPMENT AND METAMORPHOSES OF ANI- 
MALS. 

Embryology.— Til e development of the individual is often 
an epitome of the chiesilication of the order or elass to whieh 
it belongs, as well as of the development or apjiearanee in 
geological history of the different niemhers of the order or 
class to which tlie individual belongs. Tlie changes under- 
gone by the animal within the egg are often bo sudden and 
marked that the sejiarato chapters of its history as an em- 
bryo can be read side by side with the history of the succes- 
sion of the different genera and families of its tyj>e in past 
ages. Moreover, it is now generally supposed by naturalists 
that these critical periods in the development of tlie individ- 
ual have a constant relation to external causes which have 
acted on the ancest«>rs of the animal, and hence that these 
changes are the result of influences and changes in the sur 
roundings of the forms which have preceded. So much in- 
terest, therefore, attaches to the subject of the early develop- 
ment of animals, that much prominence has in the foregoing 
pages been given to the matter. 

We may now briefly review the more striking phenomena 
of development in the invertebrate animals, and close with ji 
summary of the mode of development of Vertebrates. 

The eggs of all animals consist of three portions, the egg 
proper, consisting of a mass of protoplasm enveloped by 
the yolk or food-stuff, the nucleus or germinative vesicle, 
and the nucleolus or germinative spot. 

Before the egg is ready for fertilization it undergoes a 
special process of maturation, involving the following series 
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of events : 1. Transportation of the germinal vesicle to the 
surface of the egg ; 2. An absorption of tlio membrane of 
the nucleus or germinative vesicle and a change in the ger- 
minative spot ; 3. The portion of the nucleus surviving as- 
sumes a spindle-shape, this portion being largely formed 
from the nucleolus ; 4. One end of the spindle enters into a 
protoplasmic prominence at the surface of the egg ; 5. TJie 
spindle divides into two luilves, one remaining in the egg, 
the other in the prominence, the latter separating from the 
egg and forming the polar cell ; 0. A second polar cell forms 
in the same manner as the first, part of the spindle still re- 
maining in the egg ; 7. The part of the sj) indie remaining* 
in the egg, after the formation of the second polar cell, is 
converted into a nucleus, the female and finally, 
just before fertilization, tlie female pronucleus takes its po- 
sition at the centre of the egg. 



Fip. 539.— r)«'V(‘l(ipmciit of th<‘ sjM'rm-ccllfi of a bliiul %vonn {Epicnum glutinoswn). 
a, ; 6, th<‘ f uinc, inoro iwinierouw ; r. d.€, bocorniu^ more numerous uiul 

fliKilly forming HiH'nntilozou if). Highly magnifled. — After Jklinot. 


After ibis, the first stej) in the development of many-celled 
animals is the fusion of the ])rotoj)lasiu of the female })ronu- 
cleus with that of the sperm-cell ; .for this end the latter is 
exceedingly minute and provided with a vibratile cilium or 
tail/' so that it may force its way in toward the centre 
of the egg. These sperm-cells are developed in the testis 
of the male. On close examination with very high j)owers of 
the microscope, certain cells, called mother cells,'’ maybe 
found developed in fine tubules forming the gland ; these are 
known to possess several nuclei, wliich arc destined to be- 
come spermatozoa (Fig. »^>39, a and // ; these multiply until 
they become very numerous, elongated, and packed side by 
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side in bundles (p) ; from each oneaeilium or tail '• grows 
out, when they are set free from the mother-cell. In this 
tailed form they are very active, and clTec't the fertilization 
of the egg of an animal of the same species. dMiis is due to 
contact of one spermatozoon with tlie female pronueleus situ- 
ated in the egg. Immediately after the s}>ernnitozoou has 
penetrated into the egg, its head ” is (tonveuded into a 
nucleus, called the male proiiiirJrns ; afh'r this, radiating 
striae make their ap})oaranco around its surface ; thou the 
male pronucleus travels toward the female pronucleus, and 
finally the male and ft‘nialo pronnelei fuse together and form 
the first segmentation micleus.” 

This nucleus subdivides, and the result is a mass of e('lls 
resembling a mulberry, and hemu^ call(‘d the 'inontla. ’'fhe 
outer circle of the cells of the mornla may liereafler form 
what is called the l;)lastoderm ; after a while it pushes in at 
one ])oint, and the [portion thus forced is called the inner 
germ-layer [i'ndoflenn) and the outer is calk'd the vctmierm 
or outer germ-layer, and in this condition the germ is called 
a gastriila. Subsecpienlly, a third layer develops from th(‘. 
others — just how is not <*ertainly known — and after this tlu' 
different tissues ])eeome developed. 

All animals, from s]>onges to man, become first t wo- and 
afterward three-layered sa(ts ; so tliad all animals above tlui 
]*roioz<Ki not only, as a rule, originate from eggs, but may be 
said to travel, up to a certain point, the same developmental 
path. From this point the members of dilTerent typ(‘s of 
life diverge. How different are the modes of develof)ment 
of animals has been set forth in the different life-histories 
related in the foregoing pages of this hook.* Hut the Jaws 
of growth are as stable and uniform — certain causi^s pro 
ducing certain results — as the laws of the motions of tiie 
heavenly bodies. 

When the workings of these laws of developmimt are in- 
terfered with by sudden accidents, by too scanty nourish- 
ment, and ))y the transmission of the effects of sucli acoi- 

* For a fuller, more conseeutive, though still fragmentary account, 
file reader is referred to the author's “ Outlines of (Joinparative Fm- 
bryology, or Life Histories of Animals, ioehiding Man.” 
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dents or abnormal products from parents who have been 
affected by them, the results are usually abnormal, more or 
less distorted forms, wifch greater or less defects ; and here 
again have been observed laws governing the production of 
abnormalities, the study of these being called teratology. 

We may study the mode of development of the domestic 
fowl or hen as the best known example to illustrate the 
changes undergone by an embryo vertebrate, for this pur- 
pose condensing the statements of Foster and Balfour in 
their Elements of Embryology/^ 



Pig. 54(),--Blafltodennic disk and germ of a rabbit about one day old, seen from the 
back, a, edge of the head-end of the nmnion; b. fort'-bndn ; r, lateral expansion of 
the wime, or primitive oyc-veHicle; d, middle, e. hind brain. There art^ eight protover- 
tebrre, l>etwt*en which is situated the epinal cord. Enlarged ten timeH.— After Bischoff. 

First Day . — After fertilization of the egg, segmentation of 
the egg occurs, but instead of being total, forming a morula 
or mulberry mass, it is, as in all birds and in the majority of 
fishes and reptilps (except the lancelet and lamprey eel), par- 
tial, or confined to the periphery of the yolk, resulting in 
the formation of a blastoderm, the oval more apparent por- 
tion being called the ‘‘ blastodermic disk,’’ which is the be- 
ginning of the embryo. In six or eight hours after fertili- 
zation the three germ-layers api^ar. From the outer germ- 
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layer are destined to arise the skin and wall of the body 
with the nervous system ; from tiie second (mesoderm, in 
the embryo called the mesoblast) are formed the heart, and 
the vascular system, as well as the stomach atid intestines. 

The middle layer now thickens, causing the mark known 
as the primitive streak, along the middle of which runs 
the ‘‘ primitive groove.” The notochord now appears and 
the primitive vertebra? {proioveriebrcp. Fig. 040). The am- 
nion arises as a membrane, splitting off from the outer germ- 
layer of the embryo, and finally forms a (‘avity which is 
filled with a fluid. About this time the aUanioi.^ arises as 
an offshoot of the alimentary canal, budding out at the 
hinder end of the embryo, and finally curving over the em- 
bryo, serving as a foetal res})iratory meml)rane. 

Second Day. — Tlie three portions or vesicles of the brain 
now apj)ear (Fig. 540), as well as the alimentary tract and 
heart, both arising in the licad-f old or enlargement (Fig. 540, 
a to c), and soon tlu? blood-vessels arise as (;liannels in wlii(!li 
blood -eor])uscles appear, originating as ainod)adike cells 
separating from the cellular mass of the mesoderm. Dur- 
ing the second day also the eyes and ears begin th(‘ir dev(d- 
opmont, being at first simply folds or inpushings of the 
outer germ- layer. 

Third Day. — This is one of the most eventful days, as im- 
portant steps in the elaboration of the different organs are 
taken ; the different parts of the brain, of tlie alimentary 
tract and its appendages being sketched out, and the rudi- 
ments of the lungs, the liver, pancreas, nose, and different 
parts of the eye and ear appearing. On the fonrth day the 
wings and legs grow out, appearing first as flattened buds. 
The notochord, which is indicated by the second day, by the 
sixth begins to diminish in size, disappearing by the time 
the chick is hatched, while by the twelfth day the deposition 
of bone in the bodies of the vertebra? commences, between 
the eightieth and one hundredth hour the internal differences 
in the sexes appear, the testes beginning to arise, on the 
sixth day. 

Fifth Day. — The limbs have by this time developed so as 
to show the knee- and elbow-joints, as well as the cartilages 
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Fig. 541.— B'ivc t?olu'matic flgaree ebowing Iho development of the foetal egg-mom- 
bnn'es, where in all except the last the. embryo ia reprewnted as if si'en in longitudinal 
aection. 1. Diagram of egg with zoiia peUuciday blastoderm (a, i), germinal disk, and) 
embryo, 2. figg with the first traces of the yolk-sac (d) and amnion {ks. ss, and am. 

3. Egg with the amnion uniting and forming a sac ; the allantois (al) budding out. 

4. Egg with the villi of the serous membrane (#«); the allantois larger ; ombrj'O with 
month and anal opening. 6. Egg in which the vascular layer of the allantois lies close 
to the serous laver and has gniwn into the villi of the same, constituting the true 
chorion (ch). Yom-sac much smaller, about to be drawn into the cavity of the aiimioo> 
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wliieh precede the formation of the bones of the di^nts and 
limbs. The primitive skull also arises from the niesotlerm. 

Until the sixth day it would l)e impossibh‘ to say whether 
the embryo was that of a bird, reptile, or mammai, but now 
the characters peculiar to birds ap[)ear. Tlie wings and legs 
manifest tlieir bird-like characters, the crop and intestinal 
cmca are indicated, ‘‘ the stomach takes the form of a gi/.- 
zard, and the nose begins to develop into a bcjik, while the 
incipient bones of the skull arrange themselves after th(‘ 
avian type. . . . From t he elevtnith day on ward, tlu' embryo 
successively puts on (.diaracters which are not only avian, 
but even distinctive of the genus, s]>eeies, and variety ” 
(Balfour), liy the ninth or t(‘nth day the featln'rs originati' 
in sacs in the skin, while the nails and scales begin to a|>- 
pear on the thirteenth day, and at this time lli(‘ various 
muscles of the body (‘an lx? distinguisluul. Di'vi'lopmc'nt is 
thus seen to be from tin* general In the special, from the 
simple t-o the eomjdex ; tlie trunk is iirst. indieal(‘d ; while 
tlu^ periplieiul parts — tlie extaauuit ies, the digits, the 
skin, feathers or scales, or liair, what(‘ver Ix' tJie tyjx^ of 
Vertebrate — are the hist to lx. (daboraUxi ; in otlnu* words, 
the characters of the braaieli, class, ami orders ari; tlui first 
to be evolved, those of thi^ family, genus, and s[)e(‘ics the 
last. 

Idle dev(dopment of tlu' rabbit, guinea-pig, or any mam- 
mal, including even man, follows mueb the sanu^ onhu* as 
in the chick, there ]>eing, however, a well-marked morula ; 
the differences arc due to the facjt that the embryo mammal 


d, yolk-Hkln ; d', villi of Uk; yolk skin ; nh, sorous nu'mbraiio ; sz, villi r)f tin* hc'imiih 
membrane ; rk, chorion (vascular laver of tii<‘ allant^ns); rhz, tnn* villi of Ibe f‘}K)iion 
(arisint; fnjtn the projeetions of ttie ehoriorj un<l the sae of Uie serous nx jnbran**); 
am, amnion ; head-fold of the amnion ; tail-fold of tin; amnion ; ah, eayify of 
the, amnion; sln-ath <>f the ainnitni for lh<* navel-string: «, the first be^dntdn^' of 
the embryo arisinK from a fhickenint' of (he ou(<t layer of the hlasfod(*rnj ; m, 
thickeniiur fonnlnt; the t;ertn In the middle laycu of tin; )>laHi<Kl('nn (mO. u hieh af ilrwt 
only reached as far as th«* j^enninal disk, and afterward forms the vas«’(jlar layer of 
the yolk-sac (d/) whieh eortneef^t with the intestino-miist iilur layer tdarmfawrblattx 
ft, tfinuK termlnalis ; dd, intent ino-^landular layer (danridrUHenblatn urisintr out of a 
part of t. th(? iiuH^r layer of the biastwlerm (afterward the epitlH'liiim of the yolk- 
Httcl; kh, cavity of th<^ Itlastodenn, which afterward iK-cornfS {d«) flu* cavity of the 
yolk-sac, ; dg, passage way of the yolk ; al, allantois ; «. embryo ; r, original space 
Iwiween the amnion and chorion, filled with albuminous fltild ; t?/. anterior bmly-wall 
in the region of the lieart ; hh, cavity of the heart without (he heurt itself. In Figs. 
2 and 3, the amnion is, for the sake of clearnesH. represenlcfi as situated too far away 
from the embryo ; so also (he cavity of the heart is dra^^n too small and the embryo 
too large, since, except in Fig. 5, they nre only drawn diagrammatictilly.—From KoF 
Jiker's “ Eiitwickelungsgeschichte dos Menschen und der hhheren Ihierc.’ 
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develops in a specialized portion of the oviducts, the uterus 
or womb, and that the growing germ until birth is supplied 
not with yolk as food, but by the nourishment in the ma- 
ternal blood. In fact, while the eggs of reptiles and birds 
are enormous, it was not known with certainty until 1827 
that mammals developed from eggs. The eggs of these an- 
imals are very minute, owing in part to the minute amount 
of yolk they contain ; that of man being less than a quarter 
of a millimetre inch) in diameter. 

The mammalian embryo, nourished as it is through the 
maternal circulation, needs additional temporary organs; 
these are the chorion (Fig. 541, ch), formed from the vitelline 
membrane (present in birds as Avell as mammals), wddeh sends 
oif villi or ]>rocesses extending into the w'alls of the womb. 
Besides this, in the higher or placental mammals, the pla- 
centa or after-birth is formed, which serves as an organ of 
respiration as well as to supjdy the em})ryo or fmtus with 
nourishment, and to carry otf its elTete })rodiiets by means 
of the maternal circulation. 

It is comparatively late in embryonic life that the mam- 
malian features appear ; in the dog it is twenty-five days 
before it can be told whether the embryo is a mammal or 
not. 

All mammals may be said to pass through a morula and 
gastrula stage. In the next stage when the nervous chord 
and notochord arise, the mammalian germ is on the same 
footing with an Ascidian larva. In a succeeding stage, 
when the protovertebrie appear, an Amphioxus stage is 
reached ; when a brain is formed, the level of the fishes is 
reached ; after the limbs bud out the young mammals may 
be said to assume the condition common to the embryos of 
all Amphibian and higher Vertebrates. Wlien the allantois 
begins to appear the amphibian feature (the want of an 
allantois) is dropped. AVhen the placenta has developed 
the avian characters are surpassed and the mammalian feat- 
ures assumed. Thus the development of the individual 
mammal is an epitome of that of the branch or type to 
which it belongs, and the successive steps in the degree of 
specialization of the individual mammal are also paralleled 
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bj the geological succession of tlie representatives of the 
different classes, as without much doubt lancelets (or at least 
acraniate, boneless forms) were the first Vertebnites to ap- 
pear, and we know that fishes appeared before Amphibians, 
that their type culminated before the reptiles ludd full 
sway in Mesozoic times, and that birds, after them mam- 
mals, and, last of all, man appeared, who crowns the series 
of vertebrate forms. 

Metamorphosis. — While many animals are hatched like 
the chick Avith the form of tlu^ })arent, others pass through 
a series of clianges of form called nirlaniovpJufscs ; these 
changes of form adapt the animal to changes in its sur- 
roundings, involving alterations in its modi' of life — slight if 
the change of body-form is slight, thorougii -going and radi- 
cal if its body becomes profoundly modified. As an (‘xam- 
]do of a com})lete metamorphosis may be cited the life-liis- 
tories of the jelly-fishes, the star-fisii, sea-ur<‘hins, sea-cn- 
cumbers, the marine-worms, the niollnsks, Mio ('rustaeeans, 
insects, and the salamanders and toa.dsand frogs, already de- 
scribed in the foregoing iiages. If thest ndi'nt will read and 
compare these difTorent acaaiunts, and then (jonsider the 
striking dilferences between the com])licat(‘d histories of cer- 
tain species, compared with the dinnh- mode f)f growth of 
other species of the same order or family, or ('ven of tlui 
same genus, the in(|uiry will arise, What, is the j)urpos(^ or 
use of such a series of changes? If he look carefully into 
the embryological changes of those sj^ecies Avliieh are horn 
or hatched with the form of the adult, he will sc'c that their 
embryological history is, in point of fa<*t, a condensed sum- 
mary of the (dianges undergone after hatching by their vo- 
species, Avhich, to gain the sann* adult form, have been suh- 
jected by nature to a series of (mmplii'ated, and, at first 
sight, superfluous changes of form and (mviroimnmt. 

Most shrimps and crabs undergo a lamijdieati'd iru'tamor- 
phosis ; in tlie difTorent changes of forms they lead different 
lives, and arc subjected to different surroundings, the larva% 
for the most part, being free-swimming and living near the 
surface of the water, while the parents are stationary. The 
barnacle, when very young, swims near the snrfiu^e of the 
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Bea, afterward, as a pupa, becoming fixed to a rock ; the 
young oyster-spat swims freely about, finally becoming fixed 
to tlie bottom. This change of life and of form undoubted- 
ly tends to prevent the extinction of the species, since, if at 
a given moment the parents were swept out of existence, 
the young living in a different station would continue to 
represent the species. Tliis law is seen to hold good among 
insects, where many species are represented in the winter- 
time by tlie egg alone, otliers by the caterpillars, others by the 
chrysalis, while still others hybernate as imagines. Again, 
in the marine species, the free-swimming young are borne 
about by ocean and tidal currents, and in this way what in 
adult life are the most sedentary forms become widely dis- 
tributed from coast to coast and sea to sea. On the other 
hand, the larval forms of fixed marine animals serve as food 
for fis])es, es[)ecially young fishes and numerous inverte- 
brates, whih^ their stationary parents afford subsistence for 
still other forms of lib^ ; thus were it not for the metamor- 
phoses of animals, many species would become extinct 
sooner than they do, while the great over])lus of larval 
forms gives to many other species of animals a hold on ex- 
istence. 

Metamorphosis among the invertebrate animals, espe- 
cially, is perhaps the rule and not the exce})tion. Where ani- 
mals develo]) diretdly, as in (au-tain insects, crustaceans, cer- 
tain salamanders, toads and frogs, this is due to some 
change in the euvironment ; in the case of Amphibians, 
perhaps the want of water, or some other cause, there always 
being an adaptation in the case of the direct mode of de- 
velopment to the surroundings of tlie animal and the require- 
ments of its existence. 

Parthenogenesis, and Alternation of Generations.— 

Having traced the normal process of develoj)ment of ani- 
mals, we may turn to certain unusual or abnormal modes of 
production. As an example of wluit is known as “ alternation 
of generations,” may he cited the mode of development of the 
jelly-fish, such as the naked-eyed mediisfe {MeJicertnm and 
Cavipafiularia). which at one time of life develop by budding, 
at another by eggs ; of the trematode worms, the adult forms 
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of wliich lay eggs, while the redia or proscolex of the Bamo 
worm produces cercarim by internal budding. Here also 
may be cited tlie cases of strobilation of tlie Aurelia, the 
tape-worm, tiio Nuis, Syliis, and Autolycus, among Anne- 
lids. Thus among Oadenterates and worms, as well as some 
Crustacea, a large number of indiviiluals are ]M*o(iuced, 
not from eggs, but by budding. 

Similar occurrences take place among inse(*ts, as tlie 
Apliis or plant-louse, in which a, virgin JyV/A' may bring 
forth in one season nine or ten general ions of Aphides, so 
that one Apliis may beeome tlie ]»arent of millions of 
young. Tlu'sc young directly develop from eggs or buds 
whicli are nevm* fertilized, hence the knmi pin'tlunuxiviiesis, 
or virgin-reproduction, sometimes called (npniioprnesis (or 
liirth without marriage). ddii‘ liark-lice as well as tJic 
Aphides develop in this manma* during i)u^ warm \»(‘a- 
ther ; but at the a])])roach of (‘old lioth male and female 
Ajiliides and C^>ccida‘ ap]H*ar, the fmnalcs la\ing fmdili/aal 
eggs, the liist sjiring brood thus Ixang jiroduceil in tin* 
normal, usual manner. 

Still more like the production of young in the nnlia of 
the Trematode worms is tJn‘ casi^of the lar\aof a small gall- 
gnat {M{aslor)y which during the colder jiartof lJu' year from 
autumn to spring jirodncesa series of snccessiv(‘ ginm-ations 
of larvae like itsidf, until in dnm; the last brood d(‘Y(dops 
into sexually mature Hies, whicli lav fertilized (‘ggs. 

While the larval Miaster produces young like itself, the 
pupa of another lly, ('hinrxomt/s, also lays unfertilized (!ggs, 

A number of moths, including tins silk-Avorm moth, ar(‘ 
known to lay unfertilized eggs which jirodmai (ait(n’]hllars. 
Among the Jfifmenoptcra, the currant satv-lly, certain gall- 
llies, several specit^s of ants, wasjis (/Vy/fs/os), and tln^ honey- 
bee, are known to jirodma; fertile young from iinfert ili/axl 
eggs : in the case of the ant-s and Ikx^s, tluMvorkers lay eggs 
which result in tlie jirodiudion of males, while the fertilized 
eggs laid by the female ant or cpieen bee jiroduce females 
or workers. 

Taking all these cases together, partlunKKjvnnsis is seem to 
be due to budding, or cell-division, or multiplication. Now, 
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it will be remembered that the egg develops into an animal 
by cell-division, wso that fundamentally parthenogenesis is 
due to cell-division, the fundamental mode of growth ; 
hence, normal growth and parthenogenesis are but extremes 
of a single series. In this connection, it will be remembered 
tliat all the Protozoa reproduce by simple cell-division, 
that among tbem the sexes arc not differentiated, tliat they 
do not reproduce by fertilized eggs ; hence, so to speak, 
among Protozoa parthenogenesis is the normal mode of re- 
production ; and when it exists in higher animals it may 
possibly be a survival of the usual protozoan means of 
stocking the world witli unicellular organisms, with which 
we know the waters teem. And this leads us to the teleol- 
ogy or exjdanatioii of the caus(‘ why ])arthenogenesishas sur- 
vived here and there in the world of lower organizations ; 
it is plainly, wlum W(' look at the millions of Ajihides, of 
])ark-lice, the Jiundreds of thousands inmales of ant-hills 
and bee-hives, for the purjKKse of bringing immediately 
into existence great numbers of individuals, thus ensuring 
the success in life of certain s])ecies exposed to great vicis- 
situdes ill the struggle for existence. That this unusual 
mode of reproduction is all-important for the niaintenaneo 
of the exist ence of most of the parasitic worms, is abundantly 
proved wlien wc consider the strange events whicli make up 
the sum total of a iluke or tape-worm’s biography. With- 
out this faculty of the comparatively sudden jiroduction of 
large numliers of young by otlier than the slow, limited 
jirocess of ovulation, the species would ])e stricken off the 
roll of animal life. 

Dimorphism and Polymorphism.— -Involving the produc- 
tion of young among many-celled animals {Metazoa) hy what 
is fundamentally a budding process, we liavc two sorts of 
individuals. When the organism is high or specialized 
enough to lay eggs which must be fertilized, we have a 
differentiation of the animal into tw’o sexes, male and fe- 
male. Reproduction hy budding involves the differentia- 
tion of the animal form into tliree kinds of individuals — 
x.e.y males, females, and asexual individuals, among insects 
often called workers or neuters. Tliese have usually, as in 



DIMOliPlIlSM. 


G55 


ants and bees, a distinct form so as to be readily recog- 
nized at first siglit. Among the Cmlenterates and worms 
the forms reproducing by parthenogenesis are usually larval 
or immature, as if they were prematurely hurried into ex- 
istence, and their reproductive organs had been elaborated 
in advance of otlier systems of organs, for the liastv, sud- 
den production, so to speak, of largo numbers of individu- 
als like themselves. 

In insects, as we have stated elsewhere, dimorj)hism is 
intimately connected with agamic reproduction. Thus the 
summer wingless, asexual Aphis and the perfect winged 
autumnal Aphis may bo called dimorphic forms. The per- 
fect female may assume two forms, so much so as to h(^ mis- 
taken for two disiinet species, 'rims, an oak gall-tly ( T//- 
quercvs-spongifica) in male and female broods in 

the spring, while tlio autumnal brood of females were de- 
scribed originally as a soj>arate species iimbu* the name (\ 
aciciilata, Walsh eonsid(‘r(Mi tlu* two sets of females as di- 
morphic forms, and that. (Ujnips (iciadald lays eggs wliicdi 
produce C. querruH spoiujifiat. Among buttcrlli(‘s, dimor- 
phism occurs. Idtpilio inrmnini lias two kinds of females, 
one being tailless, like the tailless male, while Papilio 
mon is polymor])hic, tlicrc being i]u*(*c kinds of bmialcs be- 
sides the male. 

There are also four forms of I*((j)iUn the three 

others being originally des(U'ibed as distinc^t specaes und(*r 
the name of P. Mdreellus, P. Tvlamanlde,^, and l\ Wdlsfiii. 
Our Paj)ilio (jJmicus is now known to he a dark, dimorphic, 
climatic form of the common PapUio Tdrnds. Tluiro arc 
dimorphic males among certain hectics, as in the Golofa 
hastafa Dejean, of Mexico, in whi(di one set of malas arc 
large and have a very large erect horn on tlu^ prothorax, 
and in the other the body is much smaller, with a very 
short conical horn. 

Temperature is also associated with the ])ro(l notion of 
polymorphic forms in the temperate regions of the earth, 
as seen in certain butterflies, southern forms being varieties 


* Guide to the Btudy of Insects, sixth edition, p. 52 
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of northern forms, and alpine species proving to be va- 
rieties or seasonal forms of lowland species. For example, 
Weismanu states that the European buttcrliies,Z//cao/i aniyn- 
tm and poly sper chon, are respectively summer and spring 
broods. Antliocharis Simplonica is an alpine winter form of 
AnthocliarU Bella, as is Pier Is hryonicB of Pier is napi. In 
this country, as lidwards has shown, two of the polymorphic 
forms of Papilio Ajax — Le., Walshii and Telamon ides — come 
from winter clirysalids, and P, marcellus from a second 
brood of summer chrysalids. It thus appears that poly- 
morphism is intimately connected witli tlie origin of species. 
Perhaps the most remarkable case of polymorpliism is to be 
seen in the white ants {Termites), where in one genus tliere 
arc two sorts of workers, two sorts of soldiers, and two kinds 
of males and females, making eight sorts of individuals ; in 
the other genera there are six. Among true ants there are, 
besides ilie ordinary males, females, and workers, large- 
headed workers. In the honey-ant {Myrmecocysius Mexi- 
canus), besides tlie usual workers, there are those with 
enormous abdomens tilled with honey. Other insects, es- 
pecially certain grasshop}>ers, are dimorphic. Certain j)ar- 
asitic Nematode worms are dimorphic ; and among the 
Cadenterates, esj)ecially the Tlydroids, there is a strong ten- 
dency to polymorphism. 

Individuality.— -Perfect individuality among animals is 
the rule, eacli individual being capable of maintaining an 
inde}>endent existence ; but we have seen that there are many 
of the lower animals in which it is difiicult to determine 
whether the different members of a colony are really in- 
dividuals or simply individualiml organs. 

The student, in referring back to the account of the Por- 
tuguese man-of-war, will lind it difficult to say whether tlie 
four kinds of members of the floating colony are organs or 
individuals, and he will probably agree with the view that 
it is best to provisionally call them zooids or individualized 
organs ; for the feeders, the reproductive zooids, the digest- 
ive zooids, and the swimming float, or the swimming bells 
of the other Siphonopiiores, are highly specialized organs, 
and only differ from true individuals in lacking the power 



INDIVIDUALITY AND IIYBIUDTTY. 


657 


of free motion and of maintaining an independent existence. 
So with many other Coelentcrates and with the tapeworm, 
whose proglottides or segments are linally capable of sepa- 
rate existence. Among the higher invertebrates, even the 
different members of a colony of white or true ants lack a 
certain amount of individuality, the workers ])erforming 
labors upon which the maintenance of the very existence of 
the colony depends, so that there arc different grades of in- 
dividuality, from examples like the Ihfdntctinia and tlie 
Siphonophores up to those insects which live socially ; and 
we see that the most perfect individuality exisLs in those 
animals which can most efficiently provide Tor their own 
sustenance and for the continuance of tlieir species. 

Hybridity.— It is rare that two species, even of the same 
genus, can ])roduce offspring ; when such cases occur, i.he 
result is called a hybrid. For examjdc, the mule is a hybrid, 
being bred from a female hors(; and an ass ; but the mule 
is not fertile, and hybrids are very rankly fertile. The In- 
dian dog and coyote are said by Cones to interbreed, and 
on the Upper Missouri we have seen dogs whi(‘h had every 
appearance of being such hybrids. Dogs also cross with the 
fox (Darwin). Idie American bison is known to l)ret‘d with 
the domestic catlle, and it seems to be a well-(?stablished 
fact that the hyinids are ftnlilt*. J^'ish nNidily liybridizt;. 

Darwin states that he knows of no thoroughly well-au- 
thenticated cases of perfectly fertile hylnid animals, though 
he adds, I have reason to believe that the liybrids from 
Cervulm vagmalls and Jleevesii and from Phnsiaum col- 
chicuH P, iorquatu>< are perfectly fertile.” 1’he hare 
and rabbit are supjmsed to luive fertile offspring ; tl»e hy- 
brids of the common and (diincBe gocBe {Aiiner afipioidcH) 
arc fertile. The crossed offspring from the Indian hurnp(Ml 
and common cattle interbreed, (/uton has hybridized tlu^ 
Virginia deer with tlic Ceylon deer and the vA(?apuIe(j deer ; 

the hybrids seem perfectly healthy and prolific.’^ Among 
insects over 100 (‘ases of hybridity have occurred, ))u( it is 
not known whether the offspring are fertile. 



CHAPTER XI. 

THE GEOGHAPHICAL DISTRIBUTION OF ANI- 
MALS. 


Tht: assemblage of animal life peopling any one locality 
or area is called its fanna, as the plants of a place consti- 
tute its flora. Where the physical geography — i.e.. the con- 
tour of the surface', the plains, valleys, and hills — is of iden- 
tical charaefer and the (dimate the same, the fauna is much 
the same, hut when these characteristics of soil and climate 
change, as in passing from lowlands to highlands, or from 
south to north, the assemblage of animals wdll be found 
to change in a corresponding ratio. And as there are no 
definite limits to any large area of the earth's surface, the 
pliysical features of one area merging insensibly, as a rule, 
into adjoining districts, so adjoining fauna^ hi to one 

another, and a certain proportion of the siiecies may range 
through two or more faunal areas. 

There are in nature causes tending to restrain animals 
within their faunal limih^, and others tending to diffuse 
them, or to cause them to migrate from their specific cen- 
tres or centres of creation — namely, the point wliere the in- 
dividuals of a species are most abundant, and where, ac- 
cordingly, they are supposed to have originated. 

Barriers to the Spread of Animals from their Specific 
Centres.— Among the most important are the oceans and 
their basins. The animals of the opposite sides of the Pa- 
cific Ocean are entirely unlike, no species being common to 
the two sides ; while, of the immense numbers of animals 
peopling the coast of Brazil and the opposite coast of Af- 
rica, only two or three arc known to be identical. Differ- 
ence in climate is also a great baiTier, the animals of the 
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tropics, tis a wliole, being unlike those of the temperate 
zones ; while arctic and antarctic animals have features in 
common. Mountains serve as most important harriers, re- 
straining animals within their limits ; tlius the basins be- 
tween or surrounded by continuous ranges of mountains 
harbor fauiue ditfering from those on the o}>po8ite sides ot 
the mountains. For example, the majority of the animals 
of the Great Basin between the llockv Mountains and the 
Sierra Nevada ditfer from those of tlu‘ Pa(‘ilic slope or tlie 
prairie lands lying east of the Rocky Mountains, as the 
meteorological and geological f(*atures art‘ ilitTerent. The 
(vordilleras of South America form a barrier to the dilTusion 
westward of Brazilian animals. Still this fa(‘t is not to hc^ 
taken too literally, as the mountains are divided by valleys 
and rivers, which afford means of communicuition and an 
interchange of specific forms ; thus certain sj)ecies of ani- 
mals of the Rocky Mountain })hiteau occur on ca(‘h side of 
the range, as do those in the Alleghany district of the At- 
lantic coast. In the West Indian and cs])ecially the Hawa- 
iian Islands, where the species of land snails are very numer- 
ous, certain forms are restricted to the de(^]> narrow valleys, 
being confined to vcut restricted areas. So also th(‘ cold 
Alpine summits of the White Mountains of New Ilamj)- 
shire, of the Rocky Mountains, of the Al})s and Scandina- 
vian mountains harbor a few s})ecies (dther peculiar to those 
extremely limited tracts or found northward in tJi(! Arctic 
regions. 

Deserts may act much as inland seas t-o separate the ani- 
mals of the adjoining more fertil(‘ tracts, and they afford 
dwelling-places for animals which are incaj>ablo of living 
elsewhere. Desert fauna? have a general farieH the world 
over, though the original ehmients out of which tin? fauna^ 
have been made up may radically differ. 

The distribution of plants also has much to do with that 
of those animals which are detxjndcnt on them for food ; 
as a rule, the distribution of both plants and animals de- 
pends on the same physical causes. 

Large rivers sometimes act jis barriers, but more often, 
perhaps, aid in the diffusion of the smaller forms, such as 
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insects, mollusks, and crustaceans. Different systems of riv- 
ers have distinct sets of fluviatile animals ; for example, the 
fishes of the Ohio and Upper Mississippi and its tributaries 
differ from those of the Hudson River and the New England 
rivers, and the latter from those draining the Southern At- 
lantic States. The fresh-water mussels, so abundant and 
characteristic of the waters of the Mississippi and its tribu- 
taries are confined to the region lying west of tlie Alleglia- 
nies and east of the Great Plains. The fishes and mollusks 
of the rivers of the Pacific slope differ from those of the 
scanty waters of the Great Basin. 

Means of Dispersal. — The most general are the alterna- 
tions of winter and summer, leading birds and mammals to 
migrate great distances to and from their breeding-places. 
Ocean-currents are most important factors in the dispersal 
of many marine and some land animals. By moans of such 
great currents as tlie Gulf Stream, tropical animals are borne 
to temperate and even subarctic regions ; and, on the other 
hand, arctic and temperate animals are borne southward, 
and thus marine fan rue interdigitate and merge insensibly 
into one another. By this agency also new coral islands 
are peojded from the mainland, and peninsulas arc colo- 
nized from adjoining continents or islands ; for example, 
the southern extremity of Florida has been visited by trop- 
ical plants and animals borne by currents and winds from 
the West Indies, thus lending a purely tropical aspect to 
the southern part, a semi-tropical fauna occupying the mid- 
dle and northern ])art of the State. 

Trade winds play an important jrart in scattering insects, 
and es[)ecially the minute forms of life ; whirlwinds and 
tornadoes catch up larger forms and transport them from 
stream to stream, pond to pond, and from lowlands to 
Jiighlands, and even to Alpine summits, where may some- 
times be found, under loose stones, multitudes of insects 
which have been borne up from below by strong gales or 
ascending currents of air. 

The direction of the migrations of the Rocky Mountain 
locust seems to be mainly dependent on the direction of pre- 
vailing winds. Insects as well as birds are blown off-shore 
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sometimes for liundreds of miles, and in this apparently 
haphazard ^vay islands are, in part at least, supplied witii 
their ciuota of animal life. 

Great rivers, like the Missouri, Mississippi, and tlie Ama- 
zons, afford means of transportation from one j)art of a con- 
tinent to another, from the interior to the seaboard, of 
which many fishes, insects, and especially llnviatile mollusks, 
avail themselves. Artificial moans of crossin^^ broad rivers 
are otTcred, to insects especially, by country-roads and hrid»^(\s 
and railroad bridges, of whicli the iH)tat-o-he(‘lle and the 
cabbage-huttorlly liavc fully avaihal themselves. 'The (Colo- 
rado beetle lias advanced steadily eastward, suddt'idy a])- 
pearing in isolated points in A’ew England, having appar- 
ently l)C(‘n iransjiorted liy tiirongh grain-ears from (’hicago, 
and lias lieen carried to EurojK^ in vesseds. d\he EuropiMiu 
cabhage-hutterily introduced into (2u(d)e(‘ spread soiilliwai’d 
into Maine along the (irand dhaink Uailroad, into New 
York along the railroads from Montreal to New York, and 
then along the railroads to Washington. 

Geological changes, such as the rise and submergi'uee of 
the edges of continents, and also the imaiming and wane of 
the glacial period, were still more general and fundamental 
means of tlio dispersal and rearrangement of fanna\ 

Division of the Earth into Faunae. —Wl urn we go from 
Maine to California we shall find that the faiinistic. features 
of the country radically cluinge three; times. Ijcaving the 
moist, temperate, forest-clad Atlantic region with its char- 
acteristic animals, and entering on the broad, tr(‘elcHS, dry. 
elevated plateau of the Kocky Mountains, avo sliall notii^c 
tliat the Atlantic fauna has been re])lac(‘d almost wliolly by 
a new and strange assemlilage ; and wlum we dcsiaaid the 
Pacific slope of the Sierra N'evada, there will he found to 
be a second reidacement, though much less marked tlian 
the first. Again, wlien we ])ass from Labrador to t he Istlnnus 
of Panama, we shall find several distinct fauna*, from an 
arctic one to a purely tropical one. If wo j)auRe at Wash- 
ington and analyze the fauna of that point, avc shall see 
that it is made up mainly of animals common to tlie Middle 
Atlantic States, with an infusion of nortliern and southern 



Confining ourselves to the Nortli American Continent, 
let us examine the distribution of life on its surface. We 
shall have to throw out tlie arctic regions, whicli belong 
with the arctic regions of Europe and Asia, to a distinct 
circumpolar fauna or realm, and then map out the rest of 
the continent into five provinces — ?‘.e. , tlie Canadian, the 
Alleghaniaii, the Cenlral or llockg Mountaim^y the l*ncific 
or Oallfornian, and the Mexican ; all of these provinces are 
bounded by natural gcologiccxl limits and differ in tempera- 
ture and moisture. While the cougar, or FedU concolor, is 
common to each one of them, and the bison and black bear 
range throughout the Canadian, Alloglianiaii, and Central 
provinces, there arc a certain percentage of animals which 
are confined to eacli province ; and on closer examination, 
eacli province, especially on the Atlantic and Pacific coasts,, 
will be found capable of minuter subdivision into more lo- 
cal faun VO or fa u n u Ice. 

It will also be found tliat the animals, especially the 
insects, of the Atlantic province have certain elements 
reminding us of A' or th eastern Asia, while on the Pacific 
slope — i,e., tlie Californian province, a few insects, shells, 
and Crustacea, as well as the birds, remind us of European 
types, which are wholly wanting east of the Eocky Moun- 
tains. 
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On inquiring into the origin of the North American 
fauna, in the light of the geological history of the conti- 
nent, we shall find, first, that immediately preceding the 
glacial period, Arctic America was peopled by a ilora and 
fauna of which the larger proportion of the animals of the 
continent north of latitude 30*^ are probably the descend- 
ants ; and, second, that a number of species migrated north- 
ward from the South American Continent. Now, when 
the glacial period came in, the semi-tropical and warm tem- 
perate animals of the northern two-thirds of the continent 
were mostly swei^t out of existence ; a scanty arctic fauna 
took their place ; as the ice melted and retreated to its pres- 
ent limits, the present assemblage of temperate animals, 
mostly modified descendants of those originally driven south, 
migrated back again and colonized the region laid c()in])ara- 
tivoly bare by the ice and cold of tlie glacial j)eriod. This 
is an illustration of the swoe]>iug extinctions, rccoloiiizations, 
and extended migrations of animals on our continent iii 
former times, by which the existing relations of fauna' Imve 
been brought about. Parallel events have occurred on the 
Europeo- Asiatic, (.'ontintuit, and tlnis geological extinctions 
and widespread migrations and n'colonizations have taken 
place ; and it is only in this way tiiat tlic existing relations 
in the geographit^al distribution of animals as well as plants 
can be accounted for. 

It should also be ol^servod tliat in th(‘ beginning of 
things the continents were built u|) from north to south — 
such has been at least the history of tlui Nortii and Soutli 
American and the Europco-Asiatic and African (k)nti- 
nents ; and thus it would appear that north of the c^juator, 
at least, animals slowly migrated soutliwanl, ke(!])ing ]){ice, 
as it were, with the gnnvth and suiithward extension of tlu; 
grand land masses which appeared above the s(‘a in the Pa- 
leozoic Ages. Hence, scanty as is the arctic and temperate 
regions of the earth at the present time, In former ages these 
regions were as prolific in life as the iroj)i('s Jiow arc, the 
latter regions, now so vast, having all through the Tertiary 
and Quaternary ages been undisturbed l)y great geological 
revolutions, and meanwhile been colonized by emigrants 
driven down bv the incoming cold of the glacial pcjriod. 
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It appears, tlien, that each continent haa had from the 
first its distinct assemblage of life, and thus opposing con- 
tinents, such as South America and Africa, have fundament- 
ally different fauna*, because they have had a separate geo- 
logical history. Though tlie climate, moisture, and extent 
of forests of Brazil and the West Coast of Africa may, for 
examxde, be nearly identical, the animals are of a different 
type. At the present day, Australian trees may be trans- 
})lanted to California, and flourisli there, and camels from 
the Orient may breed in Southern California, because at the 
present day the climate and soil are so much alike in the two 
eonntrioH. 

Distribution of Marine Animals.—Xearly all that has 
been said thus far ap])lies to land animals. Marine species 
are assorted into faunie wbicli are nearly as well marked as 
terrestrial assemblages of species. Tlie barriers restraining 
them within tlioir faunal limits are the temperature of the 
water, ibis ])eing modified more or less by the oeoan-cur- 
rents, tlu^ nature of tlie shore, wbcMier rocky or muddy or 
sandy, and ilie nature of the sea-bottom, whetlier also 
rocky, muddy, or sandy. ^lany marine animals live attached 
to rocks and stationary pc*bb](^s, others are found only in 
coarse or in fine sand, wliilc the muddy l)ottoms of harbors, 
bays, and gulfs, or tlie soft, deep ooze of the ocean-depths 
harbor a ditferent assemblage of mud -loving species. The 
tem])eratiire of the water is the most important agency now 
in ojieration in tlie limitation of marine animals. Tims 
there is ji trojiieal, north and south temperate, an arctic 
and probably an antarctic zone, and these are, along the 
sliores of the different continents, subdivided into distinct 
fauna*, l^'or example, along the coast of Eastern North 
America, the arctic or circumpolar fauna extends from the 
polar regions to Labrador and Newfoundland ; a second, 
the Acadian, to Cape Cod ; between Cape Cod and Cape 
Hattcras another assemblage (the Virginian) is found ; from 
Cape Hattcras to Southern Florida a fourth, and the Flor- 
idan peninsula belongs to the tropical regions. Along these 
different areas the water is of different temperatures. Wo 
also find a large proportion of circumpolar animals in tho 
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Acadian fauna and a few in tlio Virginian fauna^ as the 
Labrador or polar current passovS down along the coast, 
bathing the New England oo.ast north of Cape Ch)d, and 
even extending under the warm surface-water as far as New 
Jersey. On the other hand, the groat volume of lieated 
tropical water forming the Gulf Stream issuing from the 
Straits of Florida makes its influonco most sensibly felt as 
far as Cape Ilatteras, and in a diminished degree to Cape 
Cod, and even southern shells, etc., are fouml as outliers of 
more southern fauna* near Portland, !Me. , and Nova, S(*otia. 

As we descend from the shore into deep water, tin* tem- 
perature becomes lower ami lower the deeper we go, until 
we come to a stratum or zouo of water abmit Imhr. , 

where circumpolar or arctic life alom* abounds. Wlu'revi'r 
deep abysses otT the <*oast or at the bottom of bays or gulfs 
occur, the water is found to ])0 cold(*r than (‘lst‘wln‘rc ; just; 
as when we ascend a, mountain tin* air b('comes (addc*!*, un- 
til at tin* Alj)ine summits we liml an arctic tiuniau'atuni 
and fauna ; thus, in the S(‘a, im'K'ase of depth is jiaralleh'd 
by increase of lieight on land. 

Usually, off the coast of tin* UiiiP'd State's, north of New 
York, there is a distinct- zone of life between high and low 
water, a second cxt(;nding to the de])th of about fifty fathoms, 
and a third to one hundred fathoms or over. At, a depth of 
from one or two hundred fathoms in the Xorthcni At!ant,if!, 
and from five hundred to one thousand fathoms in Ihe sul)- 
tropical and tro])ical seas, down to the deepest j)arts of the 
ocean, now known in a few ]>oiiits to ho about live mih‘s in 
depth, tlio water is about 32*' Fuhr, and the animal life is 
polar in its nature. Tlie wniter of tlie (xa-an all over t in* 
globe, as shown by the results of the “ ( dialleiiger” and 
other expeditions for the exploration of tlio s(*a at great- 
depths, everywhere below a depth of one thousand fathoms, 
is of an arctic temperature, overlaid by tin* luuiled water 
the tropics. The abysses or dcc[)er parts of tlu^ (xanin-bed 
support a nearly uniform assernhlago of life, which may be 
called the deep-sea or abyssal fauna. The animals largely 
consist of Echinoderras, notably Crinoids, with Ccelenteratc^s, 
mollusks, worms, and Crustacea, and it is an intere.siing fact 
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that a few of the Echinoderme belong to genera which flour- 
ished in the Cretaceous Period ; so that in a sense the abys- 
sal fauna may be said to be an extension in time of the 
Cretaceous fauna ; the physical features of the deeper parts 
of the sea having remained nearly the same, while the 
shallower parts have risen and fallen so as to undergo great 
changes, and have wrought corresponding changes in the life 
along the shores of the continents. 

The following tabular view of the chief zoological faunas 
of the earth, proposed by Mr. J. A. Allen, is based on a 
study of the mammals, but will primarily apply to most 
land animals. The arctic realm is most distinctly charac- 
terized by the distribution of marine invertebrates, when it 
becomes of primary value : 

I. Arctic realm, undivided. 

II. Jsorth Temperate realm, with two reg’ions, viz. : 

1 . American region, with four provinces, viz. : 

(t. Boreal. 

h. Eastern. 

c. Middle. 

tl. Western. 

2. EuropoBo-Asiatic region, also with four provinces, viz, } 

a. European. 

b. Siberian. 

c. Mediterranean. 

d. Manchurian. 


HI. American Tropical realm, with three regions, viz. : 

1. Antillean. 

2. C’entral American. 

8. Brazilian. 

IV. Indo -African realm, with two regions, viz. : 

1, African rt3giou, with three provinces, viz. : 
a. ^Eastern. 

A Western, 
c. Southern. 
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2. Indian region, with two provinces, vix. *. 

a. Continental. 

b. Insular. 

V. South American Temperate realm, with two provinces, viz. : 

а. Andean. 

б. Pam pea n. 

VI. Australian realm, with three regions, viz, : 

1. Australian, with two provinces, viz. : 

а. Australian. 

б. Papuan. 

2. Polynesian. 

3. New Zealand. 

VII. Jjemurian realm, undivided. 

VIII. Antarctic or South Circumpolar, undivided. 

Migrations of Animals. — Intimately connecU'd with zoogrocf- 
raphy are the migratic>n.s ol animals, especial ly hi rd.s. Nearly all the 
birds of the United States which breed in the central and northern 
portions pass soutliward in the autumn, and winter in the Southcjrn 
States or in Central America and the West Indies. Most of the birds 
which breed in Northern and Central Uurope tly at the approach of 
cold \veather into Southern KiirojK^ or across the McditcrraiKaia into 
Northern Africa. Ttio causes of this regular jxu-iodicul migration lire 
probably due, primarily, to the changes of the seasons and to the w ant 
of food in the colder portion of the year, and, secondarily, to the 
breeding habits of birds. 

The periodical migrations of fishc.s from deep to slioal wat(T are 
connected with their breeding habits, the marine flsli being in most 
cases compelled to spawn in rivers or in shoal-watcr. The migratory 
movements of fishe.s along the coast are probably connecited w ith the 
presence or absence of their accustomed food. 

The partial, oce4i.sioDal migrations of hKJUSts depend on tlu^ urulue 
increase in the numbers of the in.sccts, and the consequent tu o 
food, while the direction of the swarms is largely dependent on inc 
g^ieral course and force of the winds. 



CHAPTER XII. 

THE GEOLOGICAL SUCCESSION OF ANIMALS. 

The different systems of rocks, from tlie Silurian to the 
Quaternary or present age, contain the fossil remains of ani- 
mals, which show that in the beginning the animals were, 
as a whole, unlike those now living, the later types becom- 
ing more and more like those now constituting the earth’s 
fauna. Tlie oldest set of animals, the Pahnozoic, comprised 
species of nearly all the branches of invertebrates, with a 
f(^w fishes. A large proportion of these animals belonged 
either to simple or to wdiat are called fj cue rail zed types, 
though some were as s]>ceialized ns any invertebrates now 
living. Progress miward has involved the disappearance of 
most of the generalized ty[>cs, and their replacement by more 
or less highly s}>ecialized tyjies. Thus the earliest corals were 
mostly of the Rugose type, which were succeeded by the 
more complicated recent forms ; the Brachiopods or shelled 
worms wore rc])laccd by mollusks ; the generalized trilobites 
gave way to the genuine specialized shrimps and crabs ; the 
existing generalized king-crab, with its affinities to spiders, 
has survived a number of still more generalized or synthetic 
allies. The generalized sharks and ganoids abounded at a 
time when there were no bony fishes like tlie cod and her- 
ring. Nearly nine thousand species of bony fishes liave 
appeared since the extinction of the earlier types of cartila- 
ginous and mail-clad fishes. The highly specialized horse 
was preceded by a number of more generalized species and 
genera, the oldest of wliich approached the tapir, one of the 
most generalized of mammals. The succession of forms 
leading up to the liorso is paralleled by the succession of 
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sea-urchins and of ammonites, the older being of siiuplio*, 
more generalized forms, and the later with a greater 
specialization or elaboration of tiio different, espeeiallv 
ternal, hard parts of the body. 

When we ascend to the Ami)liibians, the reptiles and tlie 
mammals, we shall find tliat there has been an elaboration 
or working out into great detail, of the parts most used ))V 
the animal, this differentiation being more and more marked 
as wm approach the jiresent time ; and this has been in ae- 
cord with tlic building up of the continental masses, and 
the differentiation or s})ecialization of the surface of the 
different continents into jdains, plateaus, higldands, and 
mountain ranges, with their different, climatiit features, 
and the dividing \\\^ of the waters into nuHliterranenn 
seas, friths, fiords, rivers, and lakes. Thus the (‘xtinetion 
of successive fauna* all over the globe lias been followed by 
the a})poarance of now sets of animals, (‘ac'h assernhlagi* be- 
ing adapted to the new and improvial condition of tilings. 

Having seen tkat the earlier forms of life wma* of a siin^ 
pier form, though often (‘omliining the feat.nn'S of divau’so 
classes and orders of animals which ap]>eared afttu'ward, so 
tliat Agassiz called tlnni, in some cases, iiroplndio types, 
combining as they did (‘haracters which have hemi trans- 
mitted to two or more later groujis, and these s}KM-ia,lly (dab- 
orated, so that such genoralizeil or ]»ro])h(di(? types serve as 
points of dejiarture from which several series of forms havii 
arisen — having traced the law or princi]>le underlying the 
geological succession of animals, avc may impiire whether 
this has been jiaralleled by th(*> dovolojmH'iit of any one of 
the inemhers of a groii]). Idiat t his is the case has Ixhui 
proved by Hyatt, who shows that the (l(‘velo]nm*nt of tlx* 
individual Ammonite is jiaralloled liy that of iln* geol()gi( al 
succession of the members of the order to which it lielongs. 
Stalked Crinoids were the style in Palaeozoic ages, whii<' fr<'e 
Crinoids arc more abundant at tbe present day ; and we 
have seen that in the individual develojirmnit of the existing 
AnfedoUy the young is stalked at first, afterward becoming 
free. The young, bony fish lias at first a cartilaginous 
skeleton and a heterocercal tail, these being (diaracteristics 
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of early fishes. The earlier Bafcrachians were tailed, the 
tailless toads and frogs in general appearing last, as the 
tadpole precedes the frog condition. 

Extinction of Species. — The laws governing the extinction 
of animals are obscure, hut we know that geological extinc* 
tions must have been due to natural causes, since the earth 
lias at different i)criod8 evidently undergone great changes, 
sufficient to account for tlie death of such species as were 
unable to withstand the oscillations and changes of climate. 
In Palaeozoic times existed multitudes of animals wd\ieh, judg- 
ing by their descendants of later times, belonged to old-fash- 
ioned, obsolete, useless types. They cumbered the ground, 
and were destroyed by the beneficent action of unerring natu- 
ral laws promoting the decay and extinction of antiquated 
forms, and the recreation, by the laws of transmission with 
modification, of new, improved types, useful in their clay and 
generation as st(q)ping-stonc‘s to a still higher, more improved 
stock. That the extinction was due to causes acting pri- 
marily from without, and secondarily from witliiu by trans- 
mission for(;e, seems demonstrated when we take into ac- 
count Ihe destruction of life which wo know took place 
during and at the dose of the (Jlacial Period, when the 
earth was sw’cpt witli glaciers, and afterward garnished 
with the vegetation and fresh life of the ])ost-glacial times, 
and imido ready for the abode of man. Tims tlic death of 
speeicj by the action of laws that we can (a)m|)rehend in- 
volves the recreation of new and improved animal forms by 
laws that Ave can at least in part, if not fully, understand. 



CHAPTER XIII. 

THE OEHHN OF SPECIES. 

The extinction of species was in some cases gradual, in 
others sudden, so in all probability as dilTcrent assemblages 
of life became slowly extinct new .forms as slowly originatiMl 
from them by genetic descent and took their places. While 
here and there certain species, under favorable circumstances, 
suddenly appeared, if avc could have b(‘en there to look on, 
it would perhaps have been as ditlicult to have <»bs(Tvcd the 
process as it is at the present day to observii the changes 
going on in the relation of existing fan me. Wo kiH>w, 
however, that changes are going on in the world of life aixmt 
ns, that the balance of nature is being disturbed. 

The nature of the evidence tending to prove that species 
have originated through the agency of jdiysical and biologi- 
cal laws is mainly circumstantial, tlicre ]>eing comparatively 
few facts in demonstration of the theory, the dina^t act of 
transformation of one species into anotlum under tlu^ eye of 
scientific experts having never been observed. 

Reasoning d priori, we assume that organisms, both 
plant and animal, liave been ereared ])y develo[)mf‘nt from 
pre-existent forms because it agrees with the general course 
of nature. All the events in geology^ as in ])hysics and as- 
tronomy, being due to the operation of natural laws, it is 
reasonably supposed that the jiroductiori of all the sjiecies 
of plants and animals from original simf)le forms, like the 
Monera or bacteria, have been the result of the a<;tioii of 
natural law. Tlic study of the early forms of life found in 
the Palaeozoic strata ; tlielaws of the succession of types ; the 
correlation existing between the development of the indi- 
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vidual and of the members of the class to which it belongs ; 
the parallelism between the formation and differentiation 
of the land-masses of the globe and the successive extinc- 
tions and creations of plants and animals — all these facts, 
notwithstanding the imperfections of the geological record, 
and the fact that many of the older forms of animals were 
nearly as much specialized as those now living ; tend strongly 
to prove that, on the whole, the world as it now exists has 
been the result of progressive development, one form com- 
ing genetically from another ; the animal and plant worlds 
constituting two systems of blood relations, rather than sets 
of independent creations. 

When to more special studies of those species which live 
in extraordinary environments, such as cave- animals, para- 
sitic animals, brine-inhabiting animals, Alpine forms and 
certain deep-sea species, wo add tlio study of rudimentary 
organs in adult animals, of temporary, deciduous organs in 
young or larval animals ; when we compare the metamor- 
phoses of some species congeneric with others which undergo 
no transformations ; when we study the delicate balance in 
nature as observed in tlie geographical distribution of ani- 
mals ; the harmony in nature between 8]>ecies and their en- 
vironment ; protective coloration and resemblance in form, 
the relations between carnivorous and herbivorous creatures, 
the struggle for existence between animals, wo are forced 
to acknowledge that the operations of nature, as a whole, 
tend, on the one hand, to the origination of new forms 
and the preservation of those wliich are useful, or, in other 
words, are in harmony witli their surroundings ; and, on the 
other liand, to the destruction of those which are incapaci- 
tated by changes in their environment for existence in what 
has been and now is a constantly changing, progressive 
world. 

Again, reasoning by induction, as an actual fact we know 
that species vary ; that hardly any two experts agree exactly 
as to the limitation of species ;* that varieties tend to break 

* As one of many examples, we may cite the fact that fifty-nine nom- 
inal species of the squirrels have been described as inhabiting tropical 
America, but lately the number has been reduced to twelve. 
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Up into i*aces, and tliat no two individuals of a raeo arc ex- 
actly alike. Where the climate and soil remain the same, 
the species tends to remain fixed and stable ; remove the. 
stability in the environment, or subject the individuals of a 
species to changes of soil and temj>erature. and expose it 
more than usual to the attacks of its naiural enemit's, it 
then begins to undergo a change. This is seen in tlios(‘ in- 
dividuals of a species whitdi live on the honhu’s of lowlands 
and highlands, of deserts and fertile tracts, of salt and 
brackish water, of shallow and deep water, and of jiolar and 
temperate zones, or to the influence of alternating i*old and 
warm weather. AVhon, as in some cases, climatic or other 


agencies suddenly change, wo may have spO(U('s and even 
genera suddenly appearing, as is known to he the case in 
the cliango of one genus to another of ))rine shrimps when 
the water changes from lirackisli to a ]>rine, as vvorkt‘d out- 
by Schmankevitch in Russia. 

Tlie struggle for existence resulting in tin' survival of tint 
fittest is a fu(;t now generally observed. The (uxl may de- 
posit several millions of (^ggs, hut of this iunmmse nuiuhcr 
only one or a few pair of adults survive' ; tiicre are^ prohaldy 
no more codfish now than two centurie's sincci— iiidei'd, not 


as many ; the eggs arc devoured by ditlVnint animals, tins 
young fish, a.s soon as hatched, form the lood ol laigci hsh, 
half-grown cod seu’ve to sup])ly tln^ wants of largeu’ animals, 
until filially tlie survivors may Ix^ to the original number of 
eggs as one to a million, ddie (jiu'en h(?e may, duiing hci 
whole life, lay more than a million of (^ggf^. tin' ([lujcn 
white ant may lay eighty thousand eggs a day, an Aphis 
may be the mother of a hundred young, those? hundred may 
each produce tlieir centesimal offspring until t\w result, in emc 
season, at the end of the tenth generation, amounts to a 
quintillion of plant-lice ; but meist of these inse(?U serve us 
food for other species, many die of disease and cold, unti 
at the end of the season only one or several iiairs survive Ui 
lay a few eggs, wliich represent the species in the \v int< r 
Lastly, the variation in domestic animals, 
the subjection of the species to infliumces not f(dt in what 
we call a state of nature, is an indication iliai animals not 
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exposed to human interference may vary when subjected to 
changes in their environment. Also the fact that man can, by 
careful selection, breed races of horses adapted for draught, 
speed, or the road ; races of cows for different qualities of 
milk ; beeves for meat ; races of sheep for pre-eminence in 
the quality of their wool or mutton, or races of doves or 
poultry for beauty, usefulness, or other qualities ; the fact 
that gentleness, and generally good mental qualities, can be 
made to replace viciousness in horses, cattle, dogs — all these 
and many other facts, in the art of breeding animals known 
to fanciers, indicate that nature has, through the past ages, 
by the operation of natural laws, evolved races and species 
of animals which have followed constantly improving lines 
of development, the outcome of which arc creatures the best 
fitted to withstand the struggle for existence, the most use- 
ful in the scheme of nature, and the most in harmony with 
the world about them. Progress, on the whole, therefore, 
has been beneficent, the best proof of which is the last 
product of evolution, man, the paragon of creation. 



CHAPTER XIV. 

PllOTEOTI VE IIESEM WhA SC E. 

Closely related to the forcgoingsii])jo(‘tfl ivs the protective 
resemblance or “ mimicry’’ of natural objc'cts ])y which spe* 
cies of animals arc preserved from extiiudiou. Animals may 
mimic” or imitate, or be assimilated in shapes or in color 
to natural objects, as stones, lichens, dry buslies, ibe hark 
of trees, or portions of leaves, or entire leavc's, fresh or 
dried, and their stems, or so clos(*l\^ imitate other animals 
which enjoy an immunity from attack as to cs(‘ap(Mu>t ice 
or attacks from their enemies, and thus ]>rolong t lu'ir own 
lives and that of their s])ecies. 

The animal is, as a. rule, unconscious that it is tlius j)ro- 
tected ; though there are examples, as in tin' case of the 
trap-door and other spiders, which cover their holes in such 
a way to avoid notice that it would ap])ear as if they were 
semi-conscious or aware of what they were doing. 

In the first place, we know that animals niay be deceived, 
as is proved by the various subterfuges employed by hunters 
in tolling or deceiving the larger ([uadru]>eds, the use of 
decoy-ducks, by which water-fowl are often thoroughly de- 
ceived and brought within reach of the gun. 

The disguises worn by animals, tin; ex(juisito adaptation 
of the colors of their fur or feathers to their surroundings, 
are part of the general harmony existing throughout nature. 
Desert animals are rusty or light-colored ; birds and insects 
and lizards, as well as frogs and tree-toads, wliich live among 
trees, are green ; those which live among the trunks and 
larger branches of trees assimilate in color to the color of 
the bark. The cougar, which clings to the trunk of some 
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tree, prepared to spring upon the deer passing underneath, 
is protected from observation by its brown neutral color, 
while the bars and lines of the tiger are said to resemble the 
lights and shades of the jungle grass in which it lies in wait 
for its prey. The prairie-dog, the deer, buffalo and ante- 
lope on the Western plains, are concealed by their resem- 
blance in color to the soil, or to the bushes on its surface. 

Among insects, the grasshoppers nearly always harmonize 
in color with the general hue of the fields in which they 
abound ; insects on light-colored sandy beaches are often 
pale, as if blejiched out by the sun’s rays. Alpine and arctic 
butterflies and moths, which have limited powers of flight, 
when nestling on lichen-covered rocks, arediflicult to detect. 



Fip:. 542 —A Katyilki-like fonn it^neinbling ft leaf. 


Certain orthopterous insects resemble leaves ; such are 
certain katydids (Fig. 543), and especially the famous leaf- 
insect, Phyllinm sicrifoUnm Linn. (Fig. 543), which strik- 
ingly resembles a green leaf. The stick-insects (Fig. 544} 
also would be easily mistaken for the twigs of trees or stalks 
of leaves, one species (Fig. 544) representing a moss-grown 
twig. The under sides of the wings of our native Grapta 
butterflies have the color of dead leaves, so that when they 
are at rest they resemble a withered dry leaf. The most 
perfect resemblance to a leaf with its stem is the Kallima 
butterfly when setting at rest with its wings folded over its 




PMOTKVTIVE RESEMBLAJSGE. 677 

back. The caterpillars of the geometrid moths often won- 
derfully mimic the stems of the plants they feed upon, in 
color and markings, oven to the 
warts and tubercles on their skin. 

As an example of possibly con- 
scious mimicry or elTort at conceal- 
ing their nest from tlio scarcli of 
their enemies, may be cited the traj)- 
door spider ol)served by Moggritlge 
in .Southern Europe. Tliis s])idor 
digs its liole among moss and small 
ferns, and after th(^ trap-door is 
made the top is covered with growing 
ferns, etc., trans])l anted by the Hj)ider, 
and the deception is so |>erfect that 
.Mr. Moggridge found it difficult to detec't tlu^ position of 
ihe closed trap, even when holding it in Ijis hand. 

Mimicry of other insects is of 
very frequent occurreiu'e, certain 
flies resembling bees in appearance 
and tlie sounds or buzzing they 
make ; tlie Syrpbns flics closely 
imitate wasps. Fig. 545 illustrates 
a case observed by Bolt in Nicara- 
gua, where a wasp { PrioevennH) is 
mimicked by a hemipterous i»isect 
{Spinujnr luieocornis Walker, the 
left-hand figure) in every part, 
even to its vibrating, brown, semi- 
transparent wings and its was})-liko 
motions. Here the bug is evidently 
protected by its rosemblam.'C to the 
wasp, for whose ferocity and sbarj) 
sting all unarmed insects have 
great respect. 

Some butterflies are distasteful 544 .- stick inHi-ct. 

to birds, and there are other but- 
terflies which have no bad tfiste, but closely resemble in 
color such' species as are passed over by birds. Thus, 
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Danais archippus, a common large butterfly, is not eaten 
by birds on account of its pungent odor, which is disagree- 
able to them. Another butterfly, Limenitis disippus, a 
smaller but similarly colored butterfly, which is inodorous, 
is supposed to be mistaken by the birds for the Danais, and 
thus escapes destruction. 

Belt says that in Central America stinging ants arc not 
only closely copied in form and movements by spiders, but 
by species of IIe7aipiera and Coleoptera ; as stinging ants 
are not usually eaten by birds, this disguise is thought to 
protect the various forms which imitate them. 

Many liighly-colored caterpillars, which live exposed on 
the leaves of plants, are not eaten by birds, owing to their 
bad taste. This and other bright-colored insects may be said 



to hang out danger-signals to warn off hungry birds. Mr. 
Belt, in his Naturalist in Nicaragua,'’ suggests that the 
skunk is an example of this kind. Its white tail, laid 
back on its black body, makes it very conspicuous in the 
dusk when it roams about, so that it is not likely to be 
pounced upon by any of the Carnivora mistaking it for other 
night-roaming animals.’' He also cites the case of a very 
poisonous, beautifully banded coral snake {Elajys), Mdiich is 
marked as conspicuously as any noxious caterpillar with 
bright bands of black, yellow, and red.” This author also 
found that while the frogs in Nicaragua are dull or green- 
colored, feeding at night, and all preyed upon by snakes 
and birds, one little species of frog, dressed in a bright liv- 
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ery of red and blue, hops about in the duy-tiine, and, as he 
proved by experiment, is tlioroughly distnsteful to fowls 
and ducks. 

We have seen that many animals resemble externally those 
above them in the scale of life ; in the synthetic or ginieral- 
ized types from which the more specialized forms have prob- 
ably originated, there are characters which ctuise them to 
resemble more recent, new-fashioned typos. It is })ossihle 
that in many cases the older types, doomed as they were to 
destruction, have laid their existence prolonged hy their 
protective resemblance to modern types. 

For example, the Niniroptvra as a group arc geologically 
of high antiquity ; owing to geological extinction, hut few 
species, compared with those of other orders, havi‘ survived ; 
and those wliich are now living often resem])lc members of 
higher, more recent orders, din* inf(‘rcnce is, then, that 
the mimickers liave survived hy reason of their rescnihlanec 
to the more ahuiidani forms Avliich aj)p('ai’ed. as the rnon^ 
old-fashioned typos were waning or dying out. 

Certain Brazilian species of the lepidopterous family, 
Zygmnidm and Bombyddiv, mimic in form and coloration 
certain butterflies, especially tlu^ Jlcdlcov ida\ which abound 
in Brazil. Tlic former grou})s arc (jvidcmt ly the older geo- 
logically, as there arc wide gaps hotween th(‘ gemu’a ; and 
the indications arc that these hutterflydike moths have 
likewise, from their reseinhlanc-e to the more abundant Ilvli- 
conidw, been preserved. It tlins appears tliat protective 
mimicry may be an important factor in the preservation of 
species. 



CHAPTER XV. 

INSTINCT AND NEASON IN ANIMALS. 

We have seen that animals Lave organs of sense, of per- 
ception, in many cases nearly as highly developed as in man, 
and that in tlie mammalia the eyes, ears, organs of smell 
and touch diUer but sliglitly from those of our own species ; 
also that the brain and nervous system of the higher mam- 
mals closely approximate to those of man. We know that 
all animals arc endowed witli sufficient intelligence to meet 
the ordinary exigencies of life, and that some insects, birds, 
and mammals are able, on occasion, to meet extraordinary 
emergencies — in other words, to rise ■with the occasion. 
These ocanirrcnces indicate that what usually goes by the 
name of “ instinct is more or less pliable, unstable ; 
that animals are in a limited degree free agents, with powers 
of choice. Moreover, those naturalists who observe most 
closely and patiently the habits of animals do not hesitate 
to state their belief that animals, and some more than 
others, possess reasoning powers which dilfer in degree 
rather than in kind from tlie purely intellectual acts of 
man. 

As a matter of not infrequent observation, animals exer- 
cise the power of choice, they select this or that kind of 
food, prefer this or that kind of odor, and have their likes 
and dislikes to certain persons, and all this aside from mere 
physical stimulation of the senses. Moreover, animals are 
subject to the passions, they show anger, even when not 
hungry or under the domination of the reproductive in- 
stincts ; their sounds express dissatisfaction or contentment. 
Indeed, many facts could be stated showing that animals 
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not only have feelings, intelligence, and volition, but are 
possibly, ill a very slight degree, self-conscious. The fact 
that animals exercise discrimination in tlie selection of 
food, in the choice of a ilower or object of oiu^ color in 
preference to another, in perceiving likeness or unlikeness in 
two objects, indicates that they can exercise the power of 
intelligent discrimination, as has been said by Mr. G. 11. 
Lewes When there is no alternative o})en to an action 
it is impulsive ; when there is, or originally was, an alter- 
native, the action is instinctive ; where there are alterna- 
tives which may still determine the action, and the choice 
is free, we call the action intelligent.'’ 

Indeed, animals have the principle of simiiarity strongly 
developed. It is the ])ond that holds togetlu'r the social or- 
ganizations of such insects as live in colonit‘S, and such fish, 
birds, or mammals as go in schools, flocks, or lierds. Were 
it not for this mental <|uality some s[)e(de8 would tend to 
die out. 

Animals possess memory, wliich consists in storing up in 
the mind the results of external impressions, so that they 
are enabled to perceive the points of ri‘semblanco or dithu-- 
ence between two objects, after having been out of siglit of 
them for a greater or less length of time. Lain defines 
memory, acapiisition or retention, as being ilie power of 
continuing in tlie mind imjmessions that are no longtu* stim- 
ulated by the same agent, and of recall iiig them afterward 
by purely mental forces.’* 

With the aid of memory, birds make their migrationR, 
bees and ants find their way hack to their lu'sts. As w« 
have elsewhere said, Xo automaton could find its way 
back to a point from which it had once started, however 
■well the machnio bad been originally wound up. Nor (b>(*s 
the common notion of an inflexible instinct meet ilic (aisc. 
Memory is often due to a repetition of certain experiences, 
and experiences lay the foundation for instinctivt* acts ; it 
is the sum of these inherited experiences whi(;h make up 
the total which passes under the name of instinct, f 

♦ Article on Instinct in Nature, April 10th, 1878. 

f Half Hours with Insects, p. 374. 



682 


ZOOLOGY. 


It would appear, then, that animals have in some slight 
degree what we call mindy with its threefold divisions of the 
sensibilities, intellect, and will. When we study animals in 
a state of domestication, especially the dog or horse, we 
know that they are capable of some degree of education, 
and that they transmit the new traits or habits which they 
have been taught to their offspring ; so that what in the 
parents were newly acquired habits become in the descend- 
ants instinctive acts. We are thus led to suppose that the 
terse definition of instinct by Murphy, that it is the sum 
of inherited habits,’’ is in accordance with observed facts. 
Indeed, if animals have sufficient intelligence to meet the 
extraordinary emergencies of their lives, their daily, so- 
called instinctive acts, requiring a minimum expenditure of 
mental energy, may have originated in previous genera- 
tions, and this suggests that the instincts of the present 
generation may be the sum total of the inherited mental ex- 
periences of former generations. 

Descartes believed tliat animals are automata. Lamarck 
expressed the opinion that instincts were due to certain in- 
herent inclinations arising from habits impressed upon the 
organs of the animals concerned in producing them. 

Darwin docs not attempt any definition of instinct ; but 
he suggests tliat several distinct mental actions are com- 
monly embraced by this term,” and adds that a little 
dose, as Pierre Huber expresses it, of judgment or reason 
often comes into play, even in animals low in the scale of 
nature.” He indicates the points of resemblance between 
instincts and habits, shows that habitual action may become 
inherited, especially in animals under domestication ; and 
since habitual action does sometimes become inherited, he 
thinks it follows that the resemblance between what origi- 
nally was a habit and an instinct becomes so close as not to 
be distinguished. ” He concludes that, by natural selection, 
slight modifications of instinct which are in any way useful 
accumulate, and thus animals have slowly and gradu- 
ally, “ as small consequences of one general law,” acquired, 
through successive generations, their power of acting in- 
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stinctively, and that they were not suddenly or si)eeiully 
endowed with instincts. 

Rev. J. J. Murphy, in his work entitled ** Habit and In- 
telligence,” seems to regard instinct as the sum of inherited 
habits, remarking that reason dilTcrs from instiiud, only 
in being conscious. Instinct is unconscious reason, and 
reason is conscious instinct.” This seems ccjuivalent to 
saying that most of the instincts of the ])rosent generation 
of animals is unconscious automatism, but that in tlie ])egiu- 
ning, in the ancestors of the present races, instincts wore 
more plastic than now, such traits as were useful to the or- 
ganism being preserved and crystallized, as it- were, into the 
instinctive acts of their lives. This docs not exclude the 
idea that animals, while in most roK})ects automata, occa- 
sionally perform acts which transcend instinct ; tluit tlu'v 
are still modified by circumstances, especially those; sjxades 
which in any way come in contact with man ; arc; st ill in a de- 
gree free agents, and have unconscdously learned, by success 
or failure, to adapt themselvc's to new surroundings. ^Fliis 
view is strengthened by the f;u*t tlmt tbcTo is a marked de- 
gree of individuality among animals. Some; individuals of 
the same species are much more intelligent tlian others, 
they a(;t as leaders in diirorcjiit oyierations. Among dogs, 
horses, and other domestic animals, those', of dull intcdlect 
are led or excelled by those of greater intelligence, and this 
indicates that they are not simply automata, but are also in 
a degree, or wdthin their own sjihcrc, free agents. 
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GLOSSARY. 


Abdomen. In mammals the part | running into ouch otlier liki? 
of the trunk below or behind the ; veins. 

thorax ; in insects the third re- ANCirvLOHis. The growing lo- 
gion of the body, or hind body. ; gether of two l>oncs so ns to prc 
Aberrant. Departing from the : vent motion betw{^en tliem. 

regular or normal type. | Annuiati-:. When a leg or antenna 

Aboral. Opposite the oral or : is surroiiinli'd by narrow rings 
mouth-region. i of a dilTerent color. 

Acuminate. Ending in a pro- 1 AruAC'ENTAi,. lleferring to tlioso 
longed point. | mammals in wlfu h tllt^ embryos 

Alveolus. A hollow cavity ■ are destitute of a placenta, 
forming the socket in the jaw AroDotis. Footless, 
of vertebrates for the teeth. AeTEiious((lr. n, without ; pif'ron, 

Ambulacrdm (Lat. from anil}U- wing). l)estitut<‘ of wings. 
litre, to walk, a garden-walk). Ac^uikkuocs (Lat. water ; 

The perforated space or area in 1 ( arry). Applied to the 

the shell of the sea-urchin or the water-carrying or water- vascular 
annof astar-fisb, through which sy.stem of the sponges, etc. 
the foot-tubes or ambulacral Akeolatio. Furnished with smalt 
feet are protruded. are.is ; like a nct-wia k. 

Ametabolic (Gr. a, without; Aiust.vi’E. Furnish<‘d with a hair, 
mit(ilK>le, change). lleferring to (Gr. c, without ; 

insects and other animals which arfhro>i, a joint ; poun, jhmIox, 
do not undergo a metamorpbo- foot). Tiuxse Articulata wiilj 
sis. jointed fct^l. 

Amorphous (Gr, «, privitivc ; ARTr<’( lata (Lat. artirulun, di- 
rtvarplte, form). Without a defi- iiiinutive of urtun, a joint), 
nite figure ; shapeless ; especially C.uvier’s subkingdom of worms, 
applicable to sponges. crustaca^a and insects. 

Amphiccelous (Gr. aw/Va ; hnha, Artiodactyi.a (Gr. even; 

hollow). Applied to vertebrae duktulm, linger or to<.‘). Those 

which are doubly concave, or Ungulates with an even number 

hollow at both ends. of t(M*.H, as the ox. 

Anastomosing. Inosculating or Asexual. Applied to animals, 
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especially insects, in which the 
ovaries or reproductive organs 
are imperfectly developed ; and 
which produce eggs or young by 
budding. 

Aurelia. Old term for the pupa 
of an insect. 

Auricle (Lat. auricula^ a little 
ear). One of the cavities of the 
heart of mollusks and verte- 
brates. 

Azygos (a, without ; zugon^ a 
yoke, a pair). An organ, such as 
a nerve or artery, situated in the 
middle line of a bilaterally sym- 
metrical animal, which has 
therefore no fellow. 

Bi-A8TOI)erm {blastoff, a bud or 
sprout ; derma, skin). The outer 
layer of the germ -cells of the 
embryo. 

Bifid. Divided into tw'o parts ; 
forked. 

Branciiia, a gill or respiratory 
organ of aquatic .animals. 

Buccal. Relating to the mouth 
or cheeks. 

Bullate. Bli.stercd. 

Caducibranciiiate (Lat. caducm, 
falling olT ; Or. hragchia, gills). 
Applied to those BairacMa in 
which the gills become absorbed 
before adult life. 

Calcarated. Armed with spurs. 

Calyx. A little cup ; often ap- 
plied to the body of a Crinoid. 

Capitate. Ending in a head or 
knob. 

Chela. The terminal portion of 
a limb with a movable latwal 
part, like the claw of a crab ; as 
m the chelate maxilla of the 
scorpion. 

Chiasma (Qr. chiasma, a crossing.) 


The commissure of the optic 
nerves in most vertebrates. 

Chitin (Gr. chiton, a tunic). The 
horny covering of insects, etc. 

Chyle (Gr. chubs, juice). The 
milky fluid resulting from the 
action of the digestive fluids on 
the food or chyme. 

Chyme (Gr. cJmrnos, juice). The 
acid, partly fluid or partly di- 
gested food, produced by the ac- 
tion of the gastric juice on the 
food. 

CiLiUM (pi. ciliaX Microscopic 
filaments attached to cells, usu- 
ally within the body, and mov- 
ing usually rhythmically, 

I C<ECAL. Ending blindly or in a 

I cul (le-siic. 

jCcE(U.\i. A blind sac; usually ap- 
plied to one or more append- 
ages of the digestive canal. 

Ccenenciiyma (Gr. koims, com- 
mon ; chumos, chyme or juice). 
Applied in polyps to the coral 
mass containing the chymiferous 
or nutritive canals connecting the 
different polyps. 

Commissure. The nerves con- 
necting two ganglia. 

CoNCOLOuous. Of the same color 
as another part. 

Condyle (Gr. kondulos, a 
knuckle). The articular .sur- 
face of a bone, especially of the 
occiput. 

Cortical. Relating to the cortex 
or inner skin ; external as op- 
posed tomedullary. 

Costal (Lat. costa, a rib). Relat- 
ing to the ribs. 

Cribriform (LaX.crihrvm, a sieve ; 
forma, form). With perfora- 
tions like those of a sieve. 

Crop. A partial dilatation of the 
gullet or oesophagus, the inglu- 
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vies ; ia many insects the fore 
stomach or proventriculus. 
Cuticle. The outermost layer of 
the integument. 


Dektate- Furnished with teeth. 

Didelphia (Gr. dun, two, or dou- 
ble ; (lelphua, w^omb). The sub- 
class of Marsupials. 

Diffehentiation. The special- 
ization or setting apart of special 
organs for special w^ork, as the 
specialization of the hand of man 
from the fore-foot of other mam- 
mals ; also applied to the special 
development during embryonic 
life of parts adapted for peculiar 
or special functions. 

Dimidiate. Half round. 

Dicecious (Gr. dis, two ; oikoSy 
house). With distinct sexes. 

Diptkua (Gr. dim, two ; pUiron. 
wing). Two-winged flies ; an 
order of iusec^ts. 

DtvEnTicuLUM. An otTshoot 
from a vessel or from the 
alimentary canal. 


Ecdysts (Gr. eMush, casting otf). 
The process of casting the skin ; 
moulting. 

Echinodermata (Gr. ecMnoSy a 
hedgehog or urchin ; hence ap- 
. plied to the sea -urchin ; and 
derma.y skin). The fourth sub- 
kingdom of animals. ^ 

Elasmobranchii (Gr. dmimiy a : 

strap ; bragehia, gill). The | 

sharks and rays. | 

Elytra (Gr. dutrony a sheath). 
The fore-wings of l^eetles, serv- 
ing to cover or sheathe the hind 
wings. 

Epistoma. That part of the face 
of flies situated between the 
front and the labrum. I 


EtiUiLATERAi,. Having the sides 
equal, as in Braciiiopixl shells. 

Equi VALVE. Applied to shells like 
the clams and most Lanudli- 
branchs, which an' composed 
of two wpial pit'ces or valves. 

Protruded , opj>o.sed 

to enclosed. 

Exuvilm. Cjist-oiT skin. 

s (T.,at. fiasuH, eh^ft ; 
to bring forth). Applu'd 
to a form of asexual generation 
wIkuh' th(‘ pariail splits into two 
parts, each part hec^omiug a m^w 
individual. 

GEMMirAUotis {gnnuut, hud ; 
pario, to bring forth). ApplitMl 
to a form of ii.s(^xu!il generation 
where new individuals arise as 
buds from the l)ody of the 
parent. 

Glabhouh. Smooth : opjiosed to 
hairy ; downy, villous. 

Gi.aucoxts, liluisli grt^cai or gray. 

ll'ACMAi, (Gr. hdimn, blood). 
(,’onuected with the l)lood-ves- 
.sels or heart. 

ITaltekes (Gr. huUrrcH, poisers). 
Balancers ; the rudimentary 
hind wings of I)i]»t<‘ni. 

Hauhtellate. Funii.shcni with a 
proboscis so as to tak(^ foo<i by 
suction. 

IIk.mipteiia (Gr. half; pU'ron, 
wing). An order of insects with 
the fore-wings partly o[)u<iue, 
hence called liemelytra. 

Hehmapbuodite (Gr. Jhrmmy 
Mercury : Aphrodiby Veiuis), 
Any animal having the organs of 
both sexes, usually the ovary 
and testes, combined in the same 
individual. 
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HEXAi^OPOtm. Provided with six 
feet^ 

HiMJffiKOFTSsx «Jr, hmnm, hy- 
men, or membrane j 

An order of insects with 
two pairs of membranous wings. 

Hyou) (Gr. T, eto, resemblance), 
A bone in man named from re- 
sembling the letter U ; its form 
being different in other verte- 
brates : also called ob lingimy 
Irom its supporting the tongue. 


NBTjBOPTSiRA.(Qr. wwTon, a cord • 
: ‘ m, order of 

Pet- veined inse^; 
'^mAumtAu l^erring to a 
nest, or egg-sae. 

Kotochobd (Gr. mtm , back; 
chorde^ a string), or chord^i 
donalu. The primitive support 
of the body of vertebrate embry- 
os, larval ascidians, and the back- 
bone of the lancelet and lam- 
preys. 


Imago. The final or fourth, 
winged and adult state of insects. 

Ine^uilatekal Having the two 
ends unequal, as in the clam, 
quohog, and most Lamelli- 
branch shells. 

Inequivalve. With one valve 
diffeiing in size or shape from 
tlic other, as in the oyster or 
Brachiopod shells. 

IiiKOiiATEi). Freckled ; sprinkled 
with atoms. 

LAMEIJ.TBKANCnrATA (Lat. la~ 
mella, a leaf or sheet ; hrarickui, 
gill). A class of moUusks with 
large leaf -I ike gills. 

Laiiva (Lat. hxrm, a mask). 
The second stage of the insect, a 
caterpillar, grub, or maggot. 

Lumbar (Lat. luinl)u», a loin). 
Connected witli the loins. 

Monoccious (Gr. monos, single ; 
oikos, house). With the sexual 
glands, etc., united in the same 
individual. 

Nematocyst (Gr, Tiema, a tJiread ; 
kusik, a bladder). The nettling, 
stinging organs or thread-cells 
or lasso-cells of the jelly-fishes 
and polyps, eta 


Obtected. Covered ; concealed. 

OnoNTOPHORE (Gr. odmis, a tooth ; 
phero, I carry). The so-called 
tongue or lingual ribbon of the 
higher mollusks. 

(Esophagus (Gr. oms, a reed ; 
phagein, to eat). The gullet. 

Operculum (Lat. operio, to cover). 
In fishes one or more bones 
covering the gills ; in Gastropod 
Mollusks a horny plate or solid 
limestone mass closing the orifice 
of shells. 

OpisTnocoEi^ous (Gr. opistlmi, be- 
hind ; k&iloB, hollow). Those 
vertebrates with bodies hollow 
behind and convex in front. 

Oral. Related to the mouth. 

Ornithodelphia (Gr. ornis, bird ; 
delpims, womb). The sub-class 
of mammals and order Moiwire- 

Ortiioptera (Gr. orthos, straight ; 
pUron, wing). The order of 
ins(‘cts with straight narrow fore- 
wings, as the grasshoppers. 

OsTRACODA (Gr. ostracodes, sheW^), 
A group of shelled Crustacea. 

Otoliths (Gr. ous, ear ; lithos, 
stone). Small bones suspended 
in the internal ear of fishes, or 
concretions in the auditory sacs 
of invertebrates. 
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Ovt^Amvs mm, an egg; 

pa^, I tax^). Applied 

to animale toiiflging forth eggs 
inteftdof |i^g, active young. 

OviPosiTOB (l*at. ^um, an egg ; 

I j^ace). An organ in in- 
sects homologous with the sting, 
by which eggs are deposited in 
solid substances. 

Ovisac. A sac or bag-like mem- 
brane attached to the parent, 
and containing eggs. 

0 VO-VIVIPAROUS (Lat. omm, an 
egg ; mms, alive ; pario, I bring 
forth). Applied to such animals 
as retain their eggs in the body 
until they are hatched. 


Pallium (Lat. a cloak). The man- 
tle or body-wall of mollusks, 
which secretes the shell ; adj. 
pallial. 

Parenchyma (Gr. paregehuma, 
from jxira, en, chuo, something 
poured in besides). Applied to 
the proper substance of viscera, 
excluding connective tissue, 
blood-vessels, and other accesso- 
ry parts. 

Pelagic. Living on the high 
seas, away from the coast ; in 
mid-ocean. 

Perisomk (Gr. peri, around ; norna, 
body). In Crinoid.s the oral re- 
gion of the cup or body. 

Perrennibrancuiata (Lat. per^ 
ennis, perennial ; hvanehia, gill). 
Those Batrachia which retain 
their gills throughout life. | 

Perissodactyla (Gr. 'ijeringoH, un- 
even ; (hiktulos, linger). Those 
Ungulates with an uneven niira- 
l>er of toes, as the horse. 

Peritoneum (Gr. peri, around ; , 
teijio, I stretch). The membrane j 


lining the abdominal walls and 
covering the enclosed viscera. 
Periviscerai. (Gr. peri, around ; 
Lat. vmera, the internal organs, 
especially of the alKiominurcav- 
ity). The body-cavity contain- 
ing the alimentary canal with 
its outgrowths. 

PiCEOus. Pitchy ; the color of 
pitch ; shining reddish black. 
Pilose. Clothed with pile, or 
dense short down. 

Plexus (Lat. a knot). Applied 

to a knot-like mass of nerves 
or blood-vessels. 

PoLYPiDE or Polypite. The 
separate animals of a Hydro- 
zoon. 

Preoral. In front of the mouth. 
Process. A pro-jection ; used 
chiefly in osteology. 

Proccelous (Gr. p7'o, front ; koilos, 
hollow). Those vertebroe con- 
cave or hollow in front. 
PROTOPJiASM (Gr. first ; 

plasma, from phmo, I mould). 
The albuminous, elementary 
matter forming calls nnd the 
bo(ly-8ubstanee of 1^'oiozoa. 
PuoxiAiAL (Lat. pmn'm.}(,% noxi). 
The fixed end of a liinh, hone or 
iil>}>cndage ; that neau'st the 
body , opposed to dialal, the 
farther end. 

Phku 1)01*01)1 A (Or. pM y den, falsie ; 
podes, feel). The temi)orary ]'ro 
cesses sent out from the bodies 
of P^rot/tz/xi. 

PTERoroDA (Gr. pferon, wing ; 
jxxUa, feet). A eliiHs of j)elngie 
mollusks. 

Goated with very 

fine hairs. 

Marked with nu 
mcrouH small impressed dot.s. 

Pupa (Lat. a doll). The third or 
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usually quiescent, chrysalis [ Telbon (Gr, idsan, from telo», end), 
stage of insects. The rudimentary terminal seg- 

ment of the abdomen of Arthro- 


Ratit^e (Lat. rafts, a raft). A 
division of birds 'with a keelless, 
raft or punt-like sternum. 

Riitzopoda (Gr, riza, root ; pans, 
jmlos, foot). The root-footed 
Pi'oiozoa. 

Hotifp:tia (Lat. rota, a wheel ; 
fero^ 1 bear). An order of Crus- 
tacea with a pair of ciliated vela 
in motion, resembling wheels. 


1 


Sarcode (Gr. sarr, flesh ; odos, 
way), Equivahnt and earlier 
term for protoplasm. 

Hcahrouh. Rough like a file , 
with small raiM;d dots. 

8KTA(’Kors (Lat. seta, a bristle). 
Bristle-like. 

Bpiracle (Lat. »piro, to breathe). 
The lateral breathing pores of 
insects. 

Stigmata ((Ir. sUgma, a mark). A 
synonym of spiracle. 

Stolon (Lat. stolo, a shoot spring- 
ing from the root of a plant). 
Applied to the root-like creepin^i 
growths of polyps and other C(e- 


i 


i 


I 


lenteratcs. 

Stukpsiptera {(h.sfrephis,iii\\\^i\ ! 
pteron , w ing). A group of beetles, 
whost^ minute front wings appear 
as if twisted. 

Strobii-a (Gr. a fir cone). 

The chain of zooids of a larval 
medusa ; the (-Iiain of proglot- 
tides of a tape-worm. 

Suture. A scam or impressed ; 
line between the bones of the 
skull or parts of the crust of im 
Arthropod. 

Symphysis tOr. sumpJimis, agrow- 
ing together). The union of 
two bones. 


pr)ds. 

Teneral. a state of the Neurop- 
terous imago after exclusion 
from the pupa, in w’hich it has 
not fully completed its coloring, 
clothing, etc. 

Tentaculum (Lat. tenio, I touch). 
A feeler or tentacle. 

Tergum (Lat. back). The dorsal 
region of Arthropods. 

Test (Lat. testa, a shell). The 
thickened integument of Tuni- 
ca Pr. 

Testaceous. Dull red ; brick 
color. 

Thorax (Gr. thorax, a breast- 
plate). The chest in verie- 
brate.s ; the middle body in in- 
sects and some Crustacea. 

Tiiysanura (Cir, thusanoi, fringes ; 
oura, tail). The low'est order of 
insects. 

Tomkntose. Covered with fine 
matted hairs. 

Trabecxl.e (craiiii), dim. of 
trahs, a beam. Applied to the 
longitudinal cartilaginous bars of 
the fore part of the head of ver- 
tebrate embryos. 

Trachea (Gr. tracheia, the rough 
windpipe). The respiratory 
tube in vertebrates ; the air- 
tube of Tracheate insects. 

Tre.matooa (Gr, trema, a pore 
or hole). An order of 
worms. 

Truncated. Cut squarely off ; 
docked. 

Tuherculosk. Covered with tu- 
bercles. 

Tunicata (Lat. tunica, a cloak). 
The class of worms called As- 
cidians. 
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Umbo (Lat. the boss of a shield). 
The beak of a Lamellibrauchiato 
shell. 

Ungulata (Lat. vngiila, a hoof). 

The order of hoofed mammals. 
Urodela (Gr.<?!/m, tail ; 1 

ble). The tailed Batrachians. 


VAOTTOiiE (Lat. 'mcnns, empty). 
The little cavities in the bodies 
of Protozoa, 

Ventral. Applied to the under 
side of the abdomen, or of the 
body of invertebrates. 

Ventricle (Lat. ventrin/lus, 
diminutive of vrnter, belly). One 
of the cavities of the heart. 

Verriculate. With thick - set 
tufts of parallel hairs. 

Verrlcose. Covered with wart- 
like prominences. 

Vertebra (Lat. verto, 1 turn). 


One of the bones of the spinal 
column or baoklwne. 

Verticxllatk. Placed in whirls. 

Vesicle (Lat. irMra, a bladder). 
A little sac, bladder, or (‘yst. 

Viscera (Lat. rhrun). The inter- 
ual organs of the body. 

ViviPAUors (Lai. rirus, alive ; and 
1 bring fo:1h). Applied to 
aniimds wbudi bring forth their 
young alive. 

(Or. zoitn, animal ; (kloa, 
form). The highly speciali/.ed 
organs of such aniinals iis tin* 
Ilydroids, and othiT compound 
forms which have a marked in 
dividuality, and which might he 
mistaken for gi'iiuine individu- 
als. 

Zoophyte (Or. animal ; phu 
ton, plant). Apjdied to the 
plant-like polyjis, sertularian.H, 
and sponges. 
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ACANTHABCHUS POMOTIS, 443 
Acanthocephali, 165, 175 
AcantlioglosBus Bruijnii, 573 
Acarina, 359, 886 
Achorutes nivicola, 304 
Acineta, 34 
Acipenser sturio, 427 

development, of, 427 
Acrania, 401, 405 
Actlierea Carpentcri, 298 
Actinia, 74, 78 
Actinopliryn sol, 27 
Actinosj^lurriiim, 26 
Actinozoa, 74, 91 

Adaptation of animals to their sur- 
roundings, 10 
Adder, puflf, 499 
ASgineta, 02 
JSolis pilata, 265 
^pyornis, 538 
Agalmopsis, 70 
Agamogenesis, 54 
Agelacrinus, 108 
Ai, 579 

Aix sponsa, 543 
Albatross, 542 
Alberti a, 179 
Alca impennis, 541 
Alcyonaria, 85, 91 
Alectorides, 644 
Aletia, 379 
Alewifo, 450, 461 
Alligator Mississippiensifl, 614 
Alopecias vulj^es, 420 
Alosa sapidissima, 450 
AlpUeus, 315 


Alytos obstetricans, 484 
, 200 

Ambergris, 593 
Amblyopsis spebeus, 453 
Amblyrhynclius, 504 
Ainblystoma mavortium, 479 
Ainia calva, 433 
Amiurus lynx, 443 
Aramoca't(;s, 410 
Ammonites, 280 
Ammba, 3, 17, 22 
Amp<dis (MHlrnriim, 555 
Am])bil>iu, 4(14 

Ampliioxus. structure of, 400 
development of, 407 
Ampliipoda, 305 
Amphisbicna, 502, 503 
Amphi trite cirrata, 230 
ornata, 239 

Am])ullje of KcbinoderiiiH, 97 
Anabas scandeus, 457 
AnadroinouH lisbes, 451 
Analogy, 12 
Anas boschas, 543 
obscura, 543 
Anchitlierium, 602 
Aiicistrodon contortrix, 500 
piscivoruB, 500 
Andrena, 384 
Andrias Scbeuchzeri, 479 
Anemone, sea, 74 
Angle, facial, G20 
Angler, 442, 460 
Anguilla acutirostris, 440 
Anguillula ac^cfti, 170 
tritici, 170 
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Animalcule, bear, 361 
Animalcules, bell, 39 
infusorian, 31 
root, 22 
trumpet, 35 

Animal kingdom, classification of, 
15 

Animals, development of, 643 

distinguished from plants, 1 
high and low, 6 
Annelides, 229, 238 
Annulata, characters of, 225 
classification of, 238 
Anochanus sinensis, 121 
Anodonta, 245 
Anolis, 503 
Anomodontia, 612 
Anopla, 218 

Anoplodium Schneideri, 145 
Ant, 381 

Ant-eater, spiny, 573 
Ant, white, 367 
Antedon rosace us, 105 
Antelope, prong horn, 609 
Anthracarida, 306 
Anthrapalamion, 314 
Antliroj)oidea, 618, 619 
Antilocapra Americana, 609 
Antipathes arborea, 85 
Anura, 483, 488 
Apes, 621 
Aphis, 371, 653 
lion, 367 

Apis mellifica, 385 
Aploceros montanus, 610 
Apodes, 446 
Appendicularia, 199 
Apteryx, 538 
Aptomis, 538 
Apus aequalis, 302 
Aracbnactis,79 

Arachnida, characters of, 358, 386 
development of, 362 
Araneina, 362, 386 
A reel la, 24 

Archseopteryx macrura, 587 


Archaster, 114 
Aj-chegosaurus, 482 
Architeuthis monachus, 282 
princeps, 282 
Arciferous Anura, 484 
Arcturus Bafiini, 310 
Argonauta, 283 
Argulus alosa?, 299 
Anuadillo, 580 
Army worm, 379 
Artemia fertilis, 304 
gracilis, 303 
Arthromere, 286 
Arthropods, characters of, 285 
Artiodactyla, 600, 605 
Ascaris dentata, 164 

lurnbricoides, 167 
inystax, 167 
nigrovenosa, 164 
Ascetta primordial is, 42 
Ascidia callosa, 202 
gigas, 202 
Ascidiacea, 197, 215 
Ascidians, 196 
Asellus, 308, 310 
xV sexual generation, 653 
Asiphonia, 256 
Asp, 499 

Aspergillum, 250 
Aspidogaster conchicola, 152 
Aspidonectes spinifer, 510 
Aspredo, 449 

Asterias vulgaris, 96, 112, 115 
Asteridea, 111, 116 
Asteroidea, 109, 116 
Astraea pallida, 81 
Aslrangia, 80 
Astrangia Danse, 81 
Astrogonium, 114 
Astroides, development of, 82 
Astropecten, 114 
Astrophyton Agassizii, 111 
Atalapha noveboracensis, 591 
Ateles, 560, 620 
Atlantosaurus, 515 
Atoll, 89 
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Atrium, 198 
Auk, great, 541 
Aurelia aurita, 68 
flavidula, 65 
Auricularia, 132 
Auroclj, 612 
Autechinida, 123, 126 
Autolycus, 235 
Automata, animals as, 682 
Aves, anatomy of, 518, 525 
characters of, 518,557 
development of, 582 
feathers of, 523 
moulting of, 534 
nesting habits of, 536 
sexual colors of, 535 
skeleton of, 618, 519, 521 
songs of, 535 
topography of, 520 
Axinella polypoides, 48 
Axolotl, 470 
Aye-aye, 619 

Baboon, 620 
Balsena raysticetus, 592 
Baleen i ceps rex, 545 
Baleenoptera hoops, 592 
Balanoglossus aurantiacus, 219 
Balanus balanoides, 293 
Balatro, 179 
Baphetes, 483 
Barnacle, 292 

anatomy of, 293 
Barramundi fish, 480 
Bathycrinus, 101 
Bats, 588 

Batrachia, breeding habits of, 484 
characters of, 464, 487 
development of, 476 
gills of, 468 
poison of, 475 
reproduction of lost parts of, 
481 

skeleton of, 465 
teeth of, 467 
viviparous, 479 


Bear, 615 
Beaver, 584 
Bee, 379, 385 
Beetles, 372 
oil, 372 

Belone longirostrus, 454 
Bilateral syjiiinelry ot C^enopbora 
02, 93 

Echinodemis, 96, 120 
Bilhar/ia lueinatobia, 152 
Bill fisli. 454 
Himana, 634 

Bipalium dendrophilus, 143 
Bipinnaria, 113 
Birds, diving, 541 
of prey, 54 H 
})orching, 551 
raptorial, 548 
swimming, 543 
{AIho Avt^s.) 

Bison, 61 1 

Bladder, swimming, of fishes, 442 
Blastoidea, 107, 109 
Blind fisi), 442, 444, 453 
shrimps, 315 
BHbsus leu(*o])teruB, 370 
Blister beetles, 373 
Blood, circulation of, 635 
Blood cori>uHcles, 8 
Blu(^-fisb, 455 
Boaconsl rictor, 496 
Bolina a lata, 92, 93 
Bol tenia reniformis, anatomy of, 
197 

Bonellia viridis, 224 
Bootberium, 610 
Bopyrus pandalicola, 308 
Bos longifrons, 612 

prirnigenius, 612 
taurus, 613 
I Bot fly, 375 
Bothriocepbalufe latus, 159 
Box -fish, 462 
Brachiata, 101, 109 
Brachiolaria, 113 
Brachionus, development of, 178 
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Brachiopoda^ development of, 192 
structure of, 188, 192, 195 
Brachypyge carbonis, 814 
Bradypus tridactyl us, 579 
Brain coral, 80 

Branchinectes Coloradensis, 303 
Branchioganoidei, 431 
Branchiopoda, 299, 825 
Branchipus, 303 
Branta Canadensis, 544 
leucopsis, 544 
Bream, 455 
Brisinga, 114 
Bristle-tails, 364 
Bruta,577, 629 
Bryozoa, 180 
Bubo Virginianus, 549 
Buccinnm undatum, 268 
Bucephalus cuculus, 150 
Budding in Ascidians, 202, 212 
Hydroids, 54 
Infusoria, 37 
Medusa, 60 
Polyps, 77, 82 
Starfish, 110 
Bufo ictericus, 475 

lentiginosus, 485 
Bugs, 370 
Bustard, 546 
Butcher bird, 555 
Butterfly, 377 
Buzzard, turkey, 548 

Caciielot, 593 
Caddis fly, 367 
Caiman, 515 
Cayman, 515 
Calamoichthys, 431 
CalciBix)ngi8B, 46, 49 
Caligus curtus, 299 
Callignathus simus, 594 
Callorhynchus, 424 
Caloptenus spretus, 828 
femur-rubrum, 328 
CalyptrsRa sinensis, 268 
striata, 263 


Camarasaurus, 515 
Cambarus pellucidus, 315 
Camel, 614 
Camelus, 614 
Campanulariae, 61 
Campodea, 304 

Americana, 865 
Cookei, 365 
Cancer irroratus, 313 
Canis caribaeus, 617 
domesticus, 617 
extrarius, 617 
familiaris, 616 
latrans, 617 
leporarius, 617 
molossuH, 617 
sagax, 617 
vertagus, 617 

Canthocamptus cavernarum, 297 
(’apelin, 452 
Capybara, 586 
Carcharias gangeticus, 421 
('ardiuin pygmseum, development 
of, 253 

Cariacus Virginianus, 609 
Caribou, 609 
Carinatai, 541, 557 
Carn(‘ospongeaj, 47, 49 
Carnivora, 614, 629 
Carp, 453 
Caryocystites, 108 
Caryophylljeus, 161, 162 
Cassowaries, 539 
CatarrhinfB, 620 
Cat, anatomy of, 564 
civet, 617 
domestic, 617 
Cat-fish, 443 
Catenula lemnee, 144 
quatema, 144 
Catbart€« atratus, 548 
aura, 548 
Cattle tick, 360 
Caudina arenata, 184 
Cavolina tridentata, 258 
Cebus, 620 
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Cecidomyia, 877 
Cells, 5 

Centipede, 358 
Cepbalaspis Lyellii, 427 
Cephalization, 289, 314, 405 
Cephalopliora, characters of, 257 
classification of, 272 
Cephalopoda, characters of, 272 
classification of, 283 
development of, 278 
Cephalopterus diabolus, 424 
Cephalula, 177 

of worms, 233, 234 
Ceratodus Fosteri, 429 
Cercaria cystophora, 150 
echinata, 150 
Cercaria, history of, 147 
Cercoleptes, 015 
CeTCOpitliecidK\ 620 
Ceriantlius borealis, 79 
Cerraatia forceps, 358 
Cervus Canadensis, 009 
Cestodes, structure of, 158, 103 
Cestracion, 410 
Cetacea, 591 , 629 
Cete, 591, 029 
Cetiosaurus, 515 
CliaBtoderina uitidulura, 224 
Cbffitognathi, 174, 175 
Ohajtopoda, 230 
Chffitosoma, 170 
Chalinula oculata, 48 
Chameleon, 503 
Chary bdaea, 02 
Cheiromys, 619 
Chelifer, 362 

CTielonia, anatomy of, 505 
cliaracters of, 504, 517 
Chelydra 8eri)entina, 510 
Chick, development of, 040 
Chilichthys turgidus, 402 
Chilognatha, 356, 385 
Chilomycterus geometricus, 402 
Chilopoda, 368, 386 
Chimasra, 425 

plumbea, 425 


Chimpanzee, 022 
Chinch-bug, 370 
Chirodota losve, 134 
Chiroptera, 588, 029 
Chirotes, 502 

Chiton, nervous system of, 208 
Chiton ruber, 208 
Choiidrogauoidei, 427 
Chorda dorsalis of Ascidians, 200 
Chordeiles Virginiamis, 551 
Chrysemys ])ictu, anatomy of, 500 
Chrysothrix, 020 
('hub, 453 
(liul) sucker, 443 
Chyle of polyps, 77 
(■hyim? of i>olypH, 75 
(^icada, sevonteen-ycMir, 371 
Cklaris >mtrix, 122 
Ciliary motion, 142 
Ciliatu, 35, 40 
Cinclidos, 75 
Cinura, 305 
(^rratulus prandis, 230 
Cirri|MHlia, 292, 325 
([Jistenides Coiildii, 230 
(Madocera, 299 
Cladodactyla c.rocea, 133 
(-lam, aniitoiny of, 242 
Clamatores, 552 
-ion, 13 

(3(^psine, (unbryology of, 228 
Clidiophora trilineatu, 250 
Climbing fish, 457 
C3iona sulphurea, 49 
Clione papillonacea, 259 
Clupea harengus, 450 
(dymonella torquata, 230 
Cly[>eaBt<3r, 123 
(V»ati, 615 

Cochineal insect, 371 
Ccxl, 458 

Codosiga })ulcherrimuH, 32 
(Vrcilia, 4H2 
Codenterata, 51 
(^nnosarc of coral polypB, 86 
Coleoptera, 372, 386 
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Collembola, 864 
Collosphoera spinosa, 27 
Colobus, 621 

Coloration, protective, 675 
of snakes, 497 
Colossocbelys, 511 
Commensals, 68, 459 
Comparative anatomy, 631 
Complementary males, 293 
Compsemys, 511 
Compsognatlms, 516 
Condor, 548 

Condylura cristata, 587 
Conger oceanic us. 446 
young of, 446 

Conjugation in Infusoria, 39 
Conurus Carol inensis, 550 
Copperhead snake, 500 
Corals, deep sea, 84 

development of, 83 
fishery, 85 
polyps, 74 

rate? of growth of, 84 
reefs, formation of, 86, 88 
tabulate, 58 
Cbrallium rubrum, 85 
Cordylophora lacustris, 57 
(’oreus tristis, 370 
Cormus, 181 
Coryne rairabilis, 59 
(bryphsena, 455 
Coryphodon, 571, 601 
Cotton worm, 379 
Cowry money, 269 
Crane fly, 377 
Cranes, 544 
Craniota, 401 , 405 
Craspeda of polyps, 75 
Craw-fish, 815 
Cribella sanguinolenta, 115 
Crinoidea, 101, 108 

development of, 105 
Crocodilia, 514, 517 
Crocodilus acutus, 514 
Crossaster papposus, 115 


Crow, carrion, 548 
Crustacea, classification of, 292, 325 
structure of, 286 
Cryptobranchus Japonicus, 479 
Cryptoccelum opacum, 145 
Cryptophialus minutus, 297 
Ctenophora, bilateral symmetry 
of, 92 

characters of, 92, 94 
classification of, 95 
digestive cavity of, 92, 93 
nervous system of, 92 
water-vascular system of, 92 
Cuciili, 551 
Cuma, 313 
Cumacea, 314 
Cunina octonaria, 63 
Gunner, anatomy of, 434 
Curlew, 545 
Cuttle-fish, 273 

gigantic, 281 
Cyamns ceti, 31 1 
Cyanea arctica, 67 
Cyclocardia novanglise, 249 
Cyclops quadricornis, 297 
Cyclostomata, 401 
Cyclostoini, 409 
Cymothoa, 308 
(■ynthia pyriformis, 202 
Cyphonautes. 187 
Cyprapa moneta, 269 
Cyprinus, 453 
(Vpris, 299 

C’ysticercus cellulosflB, 156 
Cystid, 181 
Cystidesp, 108, 109 
Cjtode, 6 

Dace, 453 

Dactylogyrus amphlbothrium, 153 
fallax, 153 
Daphnia, 299 
Darter, 456 

Dasypus novem-cinctus, 580 
Date shell, 250 
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Decapoda, 812, 325 

Cephalopoda, 280 
Deer, 608 

Deltocyathus Agasaizii, 80 
Bendroccela, 145 
Bendrocoelum lacteum, 141, 144 
percsecuin, 142 
Dendrccca vireiis, 555 
Dental ium, 257 
Desmosticha, 126 
Devil-fiHh, 424 
Diatryrna, 540 
Dibraiichiata, 280, 284 
Dicyema, i;J9 
Dicyemella, 140 
Dicynodoii, 512 

tigriceps, 512 
Didelphia, 571. 628 
Didelpliyw Virgiiiiana, 575 
.Didus ineptus, 547 
Diemyctylus viridt'nrcns, 481 
Differoiitiation, 6 
Digestion, organs of, 681 
Digestive canal, 9 
Dimorphism, 654 
Dingo, 617 

Diniclithys Torrelli, 481 
Dinornis giganteus, 588 
Dinosauria, 515, 517 
Dinotherium, 599 
Diomedea exulans, 542 
fuliginosa, 542 
Diploria cerebriformis, 80 
Diplozoon paradoxum, 152 
Dipnoi, 425 , 426, 428 
Diptera, 875, 380 
Discina, 193 
Discophora, 63, 72 
Dispersal of animals, 660 
Distomum crassum, 151 

development of, 147 
heterophyes, 151 
lanceolatum, 151 
macrostomum, 152 
ophthalmobium, 151 
Distribution, geographical, 658 


Dodo, 547 
Dog-fish, 420 

shark, 420 

Dog, varieties of, 617 
Doliolum, 201, 208 
Dolphin, 455 
Doris, 205 

Dorosoina cepodianum, 443 
Dove, 547 
Drum-fish, 448 
Duck, black, 543 

canvas back, 543 
eider, 548 
surniiKM*, 548 
Dugoug, 596 
Dvsnn)rphos}i. 60 

Kaolk, hald-hejnled, 54S 
Kar, 64i ; of clam, 245 
of Crustacea, 291 
of manimalH, 568 
Karwig, 868 

Eartliwonn, anatomy of, 229 
embryology of, 280 
Kcardi 11(38, 196 
E(3li(3neiH n?mora, 454 
Echidna liystrix, 578 
Echinaraclmius parrna, 128 
EchinococcuH, 159 
Echinoder(*8, 179 

Ec)iiuod(?rnmta, blood syshnu of, 
100, 180 

characters of, 96 
direct devt^lopmeiit of, 114, 
121, 188 

** h(!art " of, 100, 104 
mctamori)liose8 of, 106, 112, 
120 

nervous system of, 97, 104 
skeleton of, 97, 118 
viviparoiiK. 110, 121. 122 
water-vascular system of, 

180 

Echinoidea, 117, 126 
EcUinorhy rich 118 angustatus, 166 
claviceps, 100 
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Ecbinorliynclius gigas, 165 
Ecliiiius, 117 

esculentus, 123 
Ecliiurus, 224 
Eciton, 383 
Ectoderm, 6 
Ectoprocta, 188 
Educabilia, 582, 591 
Edentata, 577, 629 
Edible Holothurians, 135 
sea- urchin, 123 
Edwardsia, 78 
Eel, breeding habits of, 446 
conger, 440 

sound produced by, 444 
Eel-pout, 458 

Eggs, winter, of Crustacea, 300 
Planarians, 145 
Polyzoa, 187 
Rotatoria, 178 

Elasmobranchii, characters of, 414, 
463 

development of, 418 
eyes of, 41 7 
teeth of, 416 
Elaps, 497, 678 
Elasmosaurus platyurus, 513 
Electrical eel, 450 

fish of the Nile, 449 
ray, 422 
Elephant, 597 
Elephas, 597 

primigeniuR, 698 
Elk, 608 
Elytra, 372 
Embryology, 13, 643 
Encrinites, 101 
Encrinus liliformis, 137 
Endocyst, 181 
Endoderm, 6 
Endostyle, 199 
EnneacAnthus obesus, 456 
Eiiopla, 219 

Enteropneusta, development of, 220 
structure of, 219, 221 
Entomostraca, 297, 825 


Entoprocta, 188 
Eohippus, 602 
Epeira vulgaris, 863 
Ephemera, 367 
Epigonichthys cultellus, 408 
Epipodium of mollusks, 258 
Epistome of Polyzoa, 184 
Epistylis, 39 
Epithelium, 7 

Epizoaiithus Americanus, 79 
Equus asiiius, 605 

cabal 1 us, races of, 603 
hemionus, 604 
onager, 604 

Erimyzon oblongum, 443 
Eretmocbelys imbricata, 510 
Escharina, 186 
Estheria Belfragei, 302 
Euchone elegans, 236 
Euplectellum asi>ergillum, 48 
Eiipoinotis aureus, 455. 
Euprodps Dante, 322 
Eupyrgus, 128 
Eurypauropus, 358 
Eurystomcte, 94 
Eustrongylus buteonis, 169 
chordoilis, 169 
gigas, 168 
papillosiis, 169 
Evolution, 11 

Existence, struggle for, 673 
Eye, 640 

dorsal, of Mollusca, 257 
of blind craw-fish, 815 
. of Crustacea, 290 
of mollusks, 274 

Fasciola, hepaticum, 150 
Fauna, 661 

chief zoological, 666 
Favia, 80 
Feathers, 623 
Felis concolor, 617 

domestica, 617 
Ferm. 614 
Fer-de -lance, 499 
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Fertilization of egg, 644 
Fierasfer, 459 
Filaria kematica, 170 
lentie, 170 
medinensis, 169 
sanj^uinis-kominiB, 170 
Fiskes, see Pisces. 

Fiskes, anatomy of, 434 
bony, 434 
ckaracters of, 411 
climbing, 457 
development of, 445 
Elasmobranck, 414 
fins of, 411, 428 
ganoid, 425 
lateral line of, 442 
mucous canal of, 442 
respiration of, 442 
sounds j)roduced by, 442 
spiracle of, 417 
teeth of, 416, 442 
viviparous, 418, 444 
Fish-hawk, 548 
Fish-lice, 297 

Fission in Planarians, 144 
Flabelluni augulare, 80 
Flagellata, 31, 40 
Flamingo, 544 
Flea, 377 

sand, 311, 376 
snow, 304 
water, 299 
Flounder, 459 
Fluke-worms, 147 
Fly. hot, .375 

house, 374, 375 
Flying-fish, 453 
Foraminifera, 24, 27 
Forficula, 368 
Fossil jelly-fishes, 71 
sea-urchins, 125 
star-fishes, 116 
Frog, 487 

anatomy of, 470 
Fuligula vallisneria, 543 
Fungia, 82 


Gabus MORRinjA, 458 
Galago, 619 

Galeopithecus volana, 588 
Gall-flies, two-winged, 377 
Gall-tly, liymenopterous, 380 
Qallinago Wilsonii, 545 
Gallinula, 544, 545 
Gammarus robustus, 311 
Gampsonyx, 306 
Ganglion, 8 
Ganocejdiala, 482 
Gauoidei, characters of, 425, 463 
development of, 432 
Gare fowl, 541 
Gar-pike, 431 

development of, 432 
Gasterosteijs, 450 
Gastrauides, 140 
Gastropoda, 259, 272 
Gastrotheca, 485 
Gastrotricha, 170 
Gastrnla, 43 
t^avial, 514 

Generations, altc^rnation of, 052 
in Ascidians, 210 
in corals, 82 
in Tnunatodes, 147 
ill worms, 235 

Gcographiiyil distribution, 058 
Geological succession, 008 
(jleophiluH bipuncticepH, 358 
Geoplana flava, 142 
Gephyrea, developmcuit of, 223 
structure of, 221, 225 
Gcrardia, 85 
Germigene, 141, 147 
Geryonia, 02 
Giant bird, 545 
Gibbon, 621 
Gills, 637 
Gizzard -shad, 443 
Gland, green, of lobster, 291 
Glass-snake, Opheosaurus, 508 
Glires, 582, 029 
Globe-fish, 403 

Globiccphal us bracbypt<‘ru8, 595 
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GlobicepbaluB melfts, 695 
Globigerinabulloides, 24 
Glycimeris eiliqua, 250 
Qlyptodon, 580 
Gnathostomata, 401 
Gonotheca, 61 
Goose, barnacle, 544 
wild, 544 
Goose -fisb, 460 
Oordiacea, 171 
Gordius aquaticus, 172 
Gorgon i a flabellum, 86 
Gorgon idse, 86 
Gorilla, 623 
Grallatores, 544 
Grampus griseus, 595 
Graptolites, 61, 71 
Grasshopper, anatomy of, 328 
Gregarina gigaritea, 28 
Gregarinida, 28, 31 
Grilse, 452 
Guaiiin, 75 
Guillemot, 541 
Guinea-ben, 546 
Guynia annulata, 84 
Gymnarchus niloticus, 449 
Gymnolfleniata, 186 
Gymnomonera, 23 
Gymnopbiona, 481, 488 
Gymnotus electricvis, 450 
Gynapcopbore of trematode worms 
152 

Gyrodactylus elegans, 158 

Hadhosaithus, 515 
di, 409 
Haimea, 85 
Hair, 561 
Hair-worms, 171 
Hake, 458 

Halcampa producta, 78 
Halia^tufl leucocepbalus, 548 
Halicore, 696 
Halistemma carum, 70 
Halopliila borealis, 180 
Halyclystus auricula, 64 


Haplodon rufus, 685 
Haplopbyllia paradoxa, 84 
Hare, varying, 586 
Harmony between animals and 
their surroundings, 675 
Harvest men, 362 
Hatteria, 511 

Hearing, organs of, in mollusks, 
270 

Heliopora ccerulea, 85 
Heliozoa, 27 

Helix albolabris, anatomy of, 265 
Hell-bender, 479 
Helodernia liorridum, 504 
suspectum, 504 
Hemiaster cavernosus, 121 
riiilippii, 121 
Hernippus, 604 
Hemiptera, 370, 386 
Herring, 450 
Hesperornis,538 
Hessian fly. 377 
Heterometabola, 364 
Heteromita, 33 
Heterodontida*, 416 
Heteropod a, 270, 273 
Hexapod a, 363, 386 
Hexathyridium pinguicola, 152 
venarum, 152 

Himantopus nigricollis, 545 
Hipparion, 602 
Hippocampus, 443 
Hippocampus minor, 618 
Hippopotamus, 605 
Hirmlinea, development of, 229 
structure of, 226, 238 
Hoasin, 547 

Holocepbali, characters of, 424 
Holopus, 104 
Holotburia edulis, 135 

Ploridana, anatomy of, 131 
Holotburoidea, 126, 136 
Homology, 12 
Homo sapiens, 624 
Horned toad, 503 
Horn-tail, 380 
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Horse, genealoj?y of, 602 
races of, 604 
House-fly, 374 
Humming-bird, 551 
Hyaloiiema boreale, 48 
Hybocodon, (>0 
Hybrid ducks, 543 
Hybridity, 657 
Hydatids, 158 
Hydra, anatomy of, 52 

development of, 56 
vulgaris, 52 

Hydractinia ecliinata, 56 
Hydroidea, 52, 72 
Hydrozoa, 52, 71 

classification of, 73 
nervous system of, 62, 05 
organa of taste in, 63 
Hyla Pickeringii, 484 
Hylobates, 622 
Hylodes Martinicensis, 485 
Hymenoptera, 379, 387 
Hyocrinus, 102 
Hyoganoidei, 431 
Hyperia, 08, 311 
Hyperoartia, 410 
Hyperotetra, 410 
Hypobytbius calycodes, 202 
Hypodermis, 289 
Hyracoidea, 599, 629 
Hyrax, 599 

Ibla, 293 

Ichneumon fly, 381 
Ichtliyopterygia, 511, 517 
Icbthyornis, 538 
Ichthyosaur, 512 

Idoteea, nervous system of, 806, 
310 

Idyia roseola, 93 
Iguana, 504 
Iguanodon, 515 
Individuality, 656 
Ineducabilla, 582 
Infusoria, 31, 40 
Inheritance, law of, 11 


Insectivora, 587, 629 
Insects, anatomy of, 328 
brain of, 339 
characters of, 327 
classification of, ;185 
digestion in, 336 
ears of, 345 
eye of, 3 15 
embryology of. 349 
locomotion in. 347 
motamorphosis of, 328 
parthenogeneMis in, 353 
j>oly morphism in, 368 
res[)i ration of, 343 
sens(‘s of, 346 
useful, 354 

Instinct, nature of, 680 
Isopoda, 305 
Isurus punctatus, 420 
Ixodes albipictufl, 359 
bovis, 360 

Jac('Iics, 620 
.laws, 631 
Jelly fish, 62 
Julns, 356 

Kanoahck), 575, 577 
Katydid, 676 
Killer whale, 595 
King- bird, 552 
King-crab, 317 
Kinglet, 555 
Kiwi-kiwi, 538 
Kogia.Floweri, 594 

LABYJiiNTiriei, 457 
Labyrinthodon, 482, 483 
Labyrinthodontia, 482 
Lacertilia, 501,517 
Lachnosterna fusca, 3/2 
Lactophrys trigonus, 463 
Lfelaps, 515 

Lagopus leucurua, 546, 547 
Lamellil>ranchiata, 242 

classification of, 256 
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Lampreys, 409 
Lamp shells, 188 
Lancelefc, 406 

Larva of Echinoderms, 96, 106, 
110, 113. 130 
Ilydrozoa, 83 
Insects, 328 
Worms, 233 

Lasso-cells in Aurelia, 67 
Hydra, 53 
Infusoria, 37 
Polyps, 76, 81 
Sponges, 43 
Worms, 143 

Lateral line of fishes, 443 
Leaf insect, 677 
Leech, 226 
Lemnisci, 165 
Lemur, 618 
Lepas fascicularis, 293 
Lepidoptera, 377, 387 
Lepidosiren paradoxa, 430 
Lepidosteus, development of, 433 
oaseuB, 431 
platystomus, 433 
spatula, 433 
Lepidurus Couesii, 303 
Lepomonera, 32 
Leptocardii, 400, 408 
Leptoceplialus, 446 
Leptodiscus medusoidcs, 34 
Leptoplana, 144 
I^ptosynapta Girardii, 134 
Lepty chaster, 114 
Lepus American us, 686 
Bairdii, 586 

Lernsea branchialis, 397 
Lerneonema radiata, 298 
Leucochloridium, 152 
Lice, plant, 371 
Ligula simplicissima, 162 
Limacina arctica, 358 
Limax flavus, 265 
Limicolfie, 544 
Limnadia Agassizii, 302 
Limnetis Gouldii, 801, 302 


Limnoria terebrans, 310 
Limpet, 368 

Limulus, anatomy of, 317 
development of, 820 
Polyphemus, 317 
Lineus, 218 

Lingual ribbon of luollusks, 376, 
632 

Linguatulina, 361 
Lingula, 189, 190, 191 
pyramidata, 196 
Liodon, 500 

Lissotriton punctatus, 481 
Litliobius Americanus, 358 
Lithodomus, 250 
Littorina littorea, 268 
Liver lluko, 150 
Lizards, sea, 504 

structure of, 501 
Lobatje, 95 

Lobster, anatomy of, 286 
Ijociist, anatomy of, 328 
Loggerhead turtle, 510 
Loligo pallida, 373 

Pealii, anatomy of, 273 
Loon, 541 

Ix>phius pi sea tori us, 460 
Lopliobrancliii, 460 
Lopbohelia prolifera, 80 
Lophophore, 182 
Loxosoma, 185, 187 
Lucernaria, 63 
Lucifuga subterraneus, 459 
Luidia, 114 

Lumbricus agricola, 230 
rubollus, 230 
terrestris, 229 

Lunatia lieros, anatomy of, 361 
Lung-fish, 428 
Lymneeus appressus, 266 
elodes, 268 
Lymphatics, 636 
Lynx Canadensis, 617 
rufus, 617 
Lyre-bird, 552 
Lystrosaurus, 513 
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Lytta marginata, 873 | 

Macacus, 620 
Macliilis, 865 
Mackerel, 456 

Macrobiotus Americanus, 861 
Macropus tlietidis, 577 
Mactra lateralis, 249 
ovalis, 251 

Madrepora cervicornis, 82 
Masandrina, 80, 81, 84 
Magpie, 554 
Malacopoda, 355, 885 
Malapterurus electricus, 449 
Male fishes, obstetrical habits of, 
449, 461 

Mallotus villosus, 452 
Mammalia, anatomy of, 564 
characters of, 557, 628 
development of, 566 
ears of, 563 
hair of, 561 
horns of, 561 
limbs of, 560 
music of, 569 
sexual differences of, 566 
skeleton of, 558 
teeth of, 562 

Mammals, development of, 649 
Mammoth, 598 
Man, embryology of, 650 
origin of, 627 
relation to apes, 624 
skull, 626 
varieties of, 027 
Manatus, 595 
Mandrill, 020 
Mains, 580 
Mantis, 309 
Manubrium, 70 

Marine animals, distribution of, 
664 

Marmoset, 619 
Marsupial] a, 574 

Marsipobranchii, characters of, 
409, 410 


Mastodon giganteum, 599 
May fly, 367 
Meckelia ingens, 218 
Medusa, 59 
Megalops, 318 
Megapo<liu8, 546 
Megatherium, 579 
Melanogranimus {egletinus, 458 
Melipona, 385 
Mellita testudinata, 123 
MeloP angusticollis, 373 
Melosj)iza, 555 
Menibraiiipora ])ilo8H, 186 
solida, 180 

Memory of ainmals, 081 
Menhaden, 450 
Menobranchus, 478 
Menopoma AlleghaniensiH, 479 
Merostomata, 317, 32(5 
Mesenteries of poly}»H, 75 
Mesoderm, 6 

Mesogonistius clwetodon, 455 
Mesoliippus, (502 
Mi ‘sozoa, 139 
Metabola, 3(54 
MetamorphoHiH, 651 

cf Hatrachia, 476 
BuppresH^ul, 477, 485 
of crnHtHC»^a, 313 
ofocUino(l»'rmH, 105, 1 10, 112 
Metridium marginatum, 74 
Miastor, 653 
Microsaurin, 482, 483 
Microstornum lintfan\ Ktrolnlatlnn 
in, 145 
Midas, 620 

Migrations of animals, 667 
Millepedes, 356 
Millejiora alcicf)rniH, 57 
ncKlosa, 57 

Milnesium tardigradnm, 361 
Mimicry, protective, 675 
Mimetea niger, 622 
pitliecuH, 621 
Mind, in animals, 082 
Miohippus, 602 
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Miiea, 35^ 

Moa, 538 

Moccasin snake, 500 
MolacantlinsPallasii, 463 
Mol a rotunda, 462 
Mole, 587 
Molgula, 197 

Mollusca, development of, 253, 203 
structure of, 240 
Molluscs, edible, 268 
Monads, 31 
Monas tormo, 31 
Monera, 18, 20 
Money, sliells used as, 269 
Monitor, 504 
Monkey, 619 
Monocaul us, 60 
Monodelpliia, 571, 577, 629 
Monodon monoceros, 594 
Monograptus, 62 

Monostoniuin, devidopinent of, 149 
Monotrenies, 571 
Morphology, 5 
Morula, 43 

Mosasaurus maximus, 500 
Mosquito, 377 
Moths, 378 
Mound bird, 546 
Mouse, 586 

Mucous canal of fishes, 442 
Mud dauber, 383 
Mud fish, 432 

pui)py. 478 
sun fish, 443 
Mullet, 443 
Mus, 586 

Muscii doinestica, 375 
Musical fishes, 443 
Music of mammals, 569 
Mussa, 80 
Mussel, edible, 248 

development of, 254 
Mustela foina, 617 
Mustelus canis, 430 
laevis, 420 
vulgaris, 420 


Muzir, 604 
Mya arenaria, 242 
Mygale avicularia, 363 
Hentzii, 363 
Myliobatis, 416,424 

fremenvillii, 432 
Mylodon, 579 
Myriopoda, 356, 385 
Myriotrochus llinkii, 134 
Myriozoum subgracile, 180 
Mysis, 313 
Mysticete, 592 
Mytilus edulis, 248 
Myxine, 409 

Naja, 499 

Nanemys guttatus. 510 
Narwhale, 594 
Nasua, 615 
Nata tores, 544 

Natica heros, anatomy of, 261 
Natrix torquata, 495 
Naupliiis, 294 
Nautilus pompiliuB, 280 
Nebalia, 311 

bipcs, 312 

Necturus lateralis, 478 
Nematelminthes, development of, 
164 

structure of, 163, 175 
Nematodes, 167,175 
Nematogene, 141 
Neinertian worms, 210 
Nemertina, development of, 217 
structure of, 210, 219 
Neocarida, 292, 325 
Neochanna, 452 
Nephila plumipes, 363 
Nereis virens, anatomy of, 281 
Nervous system, 638 
Nervous system of ctenophores, 92 
hydrozoa, 62, 65 
Kests of birds, 536 
Neuroptera, 365, 386 
Neurula stage of leeches, 228 
wonns, 230 
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Nigbthawk, 551 

Noctiluca iniliaris, 33 

Noises produced by fishes, 442, 443 

Notacautlius, 440 

Notochord of asciditins, 20G 

Notommata, 177 

Nototrema marsupiaturu, 4S5 

Nudibranch ni<)lliiB: s, 205 

Nunierius lougirostris, 545 

Nummulit(\s,25 

Nurse of trematode worms, 149 

Nyctea nivea, 549 

OCULTNA, 80 
Octacneinus by thins, 202 
Octopod ciiphalopodii, 280 
Octopus Bairdii, 282 
puuctatns, 283 
Odonto})hore, 270 
Odontoniitliea, 537, 557 
(Ficodoma, 382 
Oligocliueta, 230 
Onchidiuni, 257 
Oniscus nuirariuH, 307 
Operculum of gastropoda, 201 
Ophidia, 490, 517 
Ophiocoma vivipara, 110 
Ophiopholis bellis, 110 
Ophiuriden, 109, 110 
Opisthoiielphys ovifoTa, 485 
Opisthoini, 440 
Opossum, 575 
Orang, 022 
Orca gladiator, 595 
Oreortyx pictus, 540 
Organisms, 0, 23 

Organs, comparative anatomy of, 031 
of circulation, 035 
of digestion, 031 
of respiration, 037 
of sense, 640 
of smell, 042 
nature of, 4, 0, 8, 9 
Origin of species, 071 
OmitluKielphia, 571 , 028 
Omithosauria, 510 


Orohippus, 002 
OrthagoriscuB oblongus, 402 
Orthoptera, 308, 380 
Oscines, 552, 553 
Osciila of sponges, 43 
Osmerus eporlaiuis, 452 
mordax, 453 
Osprey, 548 
Ostracodn, 299 
Ostrich, 539 
Otocyst, 270, 041 
of clam, 245 
of Worms, 143 

Ova, winter, of plaiiariaiip, 145 
of polyzoa, 187 
of Rotatoria, 178 
OvllioH moHchutus, 010 
jiriscus, 010 
Ovis argali, 010 
aritis, 010 
inontana, 010 
Owl, 54H 
Ox, 012 

i Oxyuris V(‘rmiculari8, 107 
I Oyster, poarl, 252 

*A]>J>MC FISH, 427 
hiljeocarida, 292, 315, 320 
hila'ontology, Hi 
5ilamedea conmta, 540 
*ala])teryx, 538 
h»h.*chinida, 123, 120 
'alisude worm, 108 
hiludi<*ella. 182 
hindion hRlia*d.us, 548 
*angolin, 580 
^anop.'ea arcticii, 250 
hiragorgia arbon^a, HO 
Paramecium caudatuin, 35 
Parr, 452 
Parro<|uel, 550 
I’arrot, 5.50 

Pa^thenogen(^8is, 54, 052 
in ascidians, 213 
Partridge, 540 
Passeres, 551 
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Patella valgata, 268 
Pauropoda, 856, 886 
Pauropus Lubbockii, 366 
Pearl oyster,. 252 
alien, 252 
Pedicellaria, 97 
Pediculati, 460 
Pod 1 pal pi, 862, 886 
Pflagic molluscs, 258, 269 
Pelocanus erytbrorliyncliua, 535 
Pelican, 642 
Pclobates, 484 

Pelodytea (a genus of frogs), 484 
(a genus of tlirea<l worms), 
164 i 

Pelomyxa palustris, 24 
Pelopaeus, 888 
Peltogaster, 296, 297 
Pelycosauria, 512 
Peuella, 298 
Penguin, 541 
Ponnatula aculeatn, HO 
Pentacrinus, 101 

Pontacta frondoaa, anatomy of, 127 
Pentastoma, 801 | 

Pentreinitos, 107 
Perea fluviatilis, 455 
Perch, 455 

sea, anatomy of, 484 
Peridinium, 84 
PeripatuH, anatomy of, 855 
Porisarc, 61 
Perissodactyla, 000 
Perla, 307 
Peropliora, 201 
Petalosticha, 128, 120 
Petrornyzon marinas, 410 
• niger, 410 
nigricans, 410 

Pezoiihaps solitarius, 547 i 

Phalangella flabellans, 186 i 

Phalangium, 862 j 

Pliaryngobranchii, 408 j 

Phascolosoma cajinentarium, 224 | 

Gouldii, 222 

Pheronerna Annee, 48 ' 


Phocfisna bracbycium, 595 
lineata, 595 

Phoenicopterus ruber, 544 
Phoronis, 223 

Phosphorescent annelides, 237 
ascidians, 202 
Hydrozoa, 70 
insects, 375 
Protozoa, 38 
worms, 237 

Plirynosoma Douglassii, 508 

Phylactolsemata, 186 

Phyllocarida, 811, 325 

Phyllopoda, 300 

Physa heterostropha, 205 

Physalia arethusa, 08 

Pliyseter macrocephahis, 594 

Pliysiology, 12 

Picaria^, 550 

Pigeon, anatomy of, 525 

Pilidium, 217 

Pill bug, 800, 807 

Pi pa Americana, 485 

Pipe fish, 401 

Piraruen, 442 

Pisces, characters of, 411, 403 

developimmt of, 418, 482, 445 
Pissodes strobi, 872 
Plagiostomi, 419 
Plagusia, 400 
Planariuii worms, 141 
land, 145 
lasso- cells of, 143 
nervous system of, 143 
parasitic, 145 
Phinaria torva, 141 
Plant lice, 371 
Planula, 59 
Piatygaster, 381 
Platyhelminthes, 141, 102 
PlatyrhinoB, 019 
Plectognathi, 401 
Pliohippus, 602 
Plesiosaurus, 513 
Plethodon erythronotum, 479 
Pleurobracliia rhododactyla, 93 
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PJourolepis pellucidus, 456 
Pleuroma, 298 
Pleuruin of insects, 329 
Plumatella, 182 
Pneiimophora. 134 
Podura, 364 
Pogoiiias cliromis, 443 
Popy, 450 

Poisonous batrachiuns, 475 
jelly fisli, 67 
siplionopbores, 08 
snakes, 497, 499 
Poly cel is, 144 
Polycladus (^ayi, 143 
Polydora, development of, 233 
Polykrikos, 37 
Polymorphism, 654 
in insects, 308 
Polyodoii folium, 428 
Polypedates, 484 
Polypide, 181 
Polyps, coral, 74 
Polypterus blchir, 431 
Senegal US, 431 
Polystomea', 152 
Polystoiiium integerrimum, 153 
Polyzoa, development of, 185 
structure of, IHO, IHH 
Polyzoarium, 181 
Pomatomus saltutriz, 455 
Pomolobus pseudoharengus, 450 
Pomotis, 455 
Porcellio, 300, 310 
Porcupine fish, 402 
Porifera, 42, 49 
Porphyrio coerulescens, 545 
Porpoise, 595 
Porsaiia Carolina, 544 
Portuguese man of-war, 09 
Potamotrygon, 424 
Pourtalesia, 124 
Prestwichia rotundatus, 322 
Primates, 018, 029 
Primnoa reseda, 80 
Pristis antiquoruni, 421 
Perrotcli, 421 


Prohoscidea, 597, 029 
Procyon lotor, 015 
Proglottis of tape worms, 150 
treinatode worms, 150 
Prorhyuchus, 210 
Proscolex of tape worms, 156 
treinatode wiunis, 150 
Prosimiie, 018 
Protaniu'ba, 19 
P rot aster. 111 

Protective resemblanct', 487, 015 

Prot«‘ida, 478, 488 

ProteiiH, 478 

Protista, 2 

Protohip])UH, 002 

Protoinonns amyli, 19 

Protoinyxu, li) 

Protomyxii aurantinca, 19 
I*roloplasm, 5 
Protoplast a, 31 
Proto])tern8 annoctmis, 430 
Protozoa, 17, 41 

coni met ill' vesieb's of, 32 
Pseudes ])araflioxa, 487 
PHeudobruncliuH striatus, 478 
Pseudocrinns, 108 
Pseudofilarin, yoting of gregarina, 
30 

PseudemyH, 516 

Pseudopb'uronectHH American us, 
400 

Psendopodiii, 23 
Psi'udopus, 502 
Psolus epbipjrifer, 133 
Psychology, 12 
Ptarmigan, 540 
Pteranodon, 517 
Pternster, 114 
Pterodactyli^, 610 
Pt(tropoda, 258, 272 
I’terosauria, 510, 517 
Pterotracliea coronuta, 271 
Ptyelus lineutuH, 37 J 
Puffer fish, 402 
Pulex irritans, 370 
^ Pulmonata, 205 
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Pupa of insects, 328 

of the barnacle, 200 
Purpura lapillus, 263 
Pycnogonidae, 360 
Pycnopodia, 116 
Pygidium, 324 
Pyrosoma gigas, 202 
Pythonomorplia, 500, 517 

QuOHOG, 249 

Raccoon, 616 
Kadiolaria, 26, 27 
Rail, 544 

Raja eglanteria, 422 
erinacca, 421 
fluviatilis, 424 
IsDvis, 421 
Rana, 487 

baleciua, 470 
Rangifer caribou, 600 
tarandus, 609 
liaptores, 548 
Rasores, 546 
Rat, black, 586 
blind, 586 
Ratita3, 538. 557 
Rattlesnake, 499 
Ray, 421 

sting, 424 
Reasoning ix)wer of animals, 380 
Redia of trematodes, 150, 151 
Reefs, coral, formation of, 87 
Reindeer, 609 
Renilla reuiformis, 86 
Reproduction, 13, 043 
Reproduction of lost parts in Hy 
dro/.oa, 53 

planarians, 144 

Reproduction of lost parts in Ba. 
tracliia, 481 

Reptilia, characters of, 488, 517 
development of, 495 
skeleton of, 489 
sexual differences of, 494 
teeth of, 491, 499 


Reptilia, viviparous, 495, 497 
Resemblance, protective, 487, 675 
Respiration, organs of, 687 
Rhabdoccela, 145 
Rliabdopleura mirabilis, 187 
Ramphorynchus, 517 
Rhea Americana, 539 
Rhinichtliys atronasus, 453 
Rhizocrinus lofotensis, 102 
Rhizopoda, 22, 27 
Rhombogene, 141 
Rhopalodina, 132 
Rhynchocephalia, 511, 517 
Rhyncodesinus sylvaticus, 145 
Rhytina Stelleri, 596 
Robin, 556 
Rodontia, 582, 629 
Root barnacle, 296 
Rotalia, 25 

Rotatoria, development of, 178 
structure of, 176, 180 
Rotifcra, 176 
Rotifer vulgaris, 176 
Rugose corals, 84 
Riiminantia, 605 

Saccate, 95 
Sacculina, 296 
Sagitta, 174 
Salamander, 479 
Salenoglyph snakes, 499 
Sal mo fontinalis, 452 
quinnat, 451 
salar, 452 
Salmon, 451 

Salpa, development of, 211, 214 
structure of, 201, 208 
spinosa, 211 

SarcorhamphuB gryphus, 548 
Sauropterygia, 513, 517 
Sauropsida, 518 
Saurursp, 537, 557 
Saw fish, 421 
Saw fly, 380 
Saxicava, 250 
Scalpellum, 293 
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ScaphiopuB, 484 

ScapUirbynchops platyrhyncbiis, 
427 

Scapliopoda, 257, 272 
Sceleporiis undulatus, anatomy 
493, 504 

Scbizastor fragllin, 124 
Scbizopocla, 814 
Scolex of tape worms, 150 

trematode worms, 150 
Scolopondra gigantea, 358 
boros, 358 
Scolopeiidrolla, 358 
Scomber scombrus, 450 
Sc^pboi)bori, 449 
Seal, 614 
S(?a-aiiem()ii(‘, 74 
Sea-cow, 595 

Sea- cucumber, anatomy of, 128 
aiM)dous, 133 
pedate, 133, 135 
Sea- fan corals, 80 
Sea-horse, 443 
Sea-lion, 614 
Sea-pen, 86 
Sea-squirts, 190 
Sea- worms, 231 
Selacbe maxima, 420 
Selachians, 414 
Semotilus rbotlieus, 45f3 
Semnopitbecus, 621 
Sense, organs of, 640 
Serolis Gaudicbaudi, 306 
Sertularia, 01 
Sewellel, 585 

Sexual coloration in fishes, 444 
Shad, 450, 451 

gizzard, 443 
Shagreen, 415 
Shark, basking, 420 

liaminer-headed, 421 
mackerel, 419 
Port Jackson, 410 
thresher, 420 
Sharks, 414 
Sheep, varieties of, 609 


Sheep, musk, 010 
Sheep hydatid, 160 
Shells, fossil, 270 
Ship worm, 250, 254 
of, i Showt’l, 585 
Shrew, 587 
Shrike, 555 
Shrimp, 312, 314 
Sida, 299 
Simhe, (519 
Siphoniata, 25(5 
Siphono])honi, (58, 72 
Sii>lioi)opH, 482 
Siphydora echiimides, 47 
Sipunciilus, 22 1 , 22 1 
Siredon, 4T9 
Sircnia, 595, 629 
Sinm larertina, 478 
Sivatherium, 605 
j Skates, 121 

I development ef, 419 

Skull, hracliyceplialic, (527 
dolicoce])lialic, 627 
Slug, 265 
Smelt, 452 
Smolt, 452 
Smynthurus, 3(54 
Snail, 205 
Snake, hooded, 499 

striped, anatomy of, 498 
Snakes, 490 

protective coloration ot, 497 
viviparous, 407 
Srii]K*, 545 
Snow-fiea, 304 
Solaster endecu, 115 
Solitaire, 547 

Somuteria rnollissima, 543 

Somite, 28(5 

Sorex platy rliiriuH, 587 

Soun Ik produc<‘d l>y insects, 3(59 

Sounds, fishes’, 442 

Spalax, 580 

Sparrow, >->> 

Specialization 0 
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Species, origin of, G72 

variation of, 10, 672, 673 
Spermaceti, 693 
Spermatozoa, formation of, 644 
Sphserodorum 231 
Spliargis coriacea, 610 
Splienodon, 511 
Splieotyto ciinicnlaria, 649 
Spliex ichiicurnonea, 383 
Sphinx, 379 
Spiders, 362 
Spirialis Clouldii, 269 
Spirilla Peronii, 281 
Sphyrna zygsena, 421 
Spirorbis, 237 
SpirostrepUon Copei, 356 
Sponges, 42 

useful, 49 

SiKingia adriatica, 49 
equina, 49 
gossypina, 49 
tubulifera, 49 
Spongilla, 47 
Spoonbill fish, 428 
Sporocyst of Nematodes, 151 
Spring-tails, 364 
SqualuB Americauup, 420 
Squamella oblonga, 176 
Squid, anatomy of, 273 
Squilla, 312 
Squirrels, Hying, 583 
Star fish, 96, 109, 111 
anatomy of, 96 
Star worm, 221 
Statoblast, 187 
Stegocephala, 482, 488 
Steller’s manatee, 696 
Stentor polymorphus, 36 
Steriuiui of insects, 329 
Stick insect, 677 
Stickleback, 456 
Stilt, 646 
Sting rays, 424 
Stomapoda, 312, 325 
Stone lilies, tOl 
Strobila of Hydrozoa, 66 


Strobila of planarians, 144 
tape worms, 156 

Strobilation in worms, 144, 145, 
234 

Straggle for existence, 673 
Strutbio camelus, 539 
Sturgeon, embryology of, 427 
Sturgeon, 427 
Stygicola dentata, 459 
Stylaster, 58 
Styliola vitrea, 258 
StylochuB elliptica, 144 
Stylocordyla, 48 
Stylops, 373, 374 
Sucker, 453, 454 
Suctoria, 40 

Sun fish, fresh water, 455 
handed, 455 
spotted, 456 
salt water, 462 
Swimming, in fishes, 444 
Sycandra, 44 
Sycon ciliatuni, 45 
Syllis, 235 

Symmetry, bilateral, in cteno- 
pbores, 92, 93 

echinoderms, 120 
Synapta, 134, 135 
Syngnathus peckiaiius, 461 
Synthetic types, 483, 679 
Syrinx, 526, 552 
Syrnium cinereum, 549 
Syrphus, 375 

Tabulate couals, 58 
Tacliina, 376 
Ttenia acanthotrias, 157 
bacillaris, 155 
coenurus, 160, 161 
echinococcus, 158 
mediocanellata, 158 
solium, 155, 157 
Taeniata, 95 

Tape worms, development of, 154 
structure of, 153 
Tardigrades, 361 
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Tarpau, 604 
Tasmanian devil, 575 
'wolf, 575 

Taste, organs of, in Hydrozoa, 63 
insects, 346 
polyps, 77 

Tautogolabrus adspersus, anatomy 
of, 434 
Teeth, 631 

rudimentary, 403 
of seti- urchins, 118 
Teleocephali, 440 
Teleostei, characters of, 434, 464 
anatomy of, 434 
Tentaculifera, 34, 40 
Teratology, 646 

Terebratulina se})tentrionaliH, 188 
development of, 103 
Terebrella, 230 
Teredo navalis, 250 
Tergipes laciniilata, 265 
Tergum of insects, 320 
Termes bellicosus, 308 
llavijies, 307 
Terrapin, 510 
Testicardines, 100 
Testudo liidica, 510 
Tctrabranchiata, 280, 384 
Tetradecapoda, 305, 325 
Tetrao, 546 
Tetrarhynchus, 162 
Tetrastemina seri^entinura, 310 
Tetrastoma renale, 152 
Tetrodon laevigatas, 462 
Thalascaris, 315 
Thalassochelys caouana, 610 
Thaliacea, 208, 215 
3'hamnocephaliis brachyurus, 303 
Theca of corahs, 79 
TlielyphonuH giganteiis, 302 
Tlieriodonts, 513 
Theromorplia, 512, 517 
Thrasher whale, 595 
Thrips, 370 
Thylacinus, 575 

Thyone briareus, anatomy of, 131 


Thysanura, 364, 386 
Tick, 359 
Tiiiamous, 547 
Tipula, 377 
Tissues, 0, 7 
Tissue, bony, 8 

[inouH, 7 
connective, 7 

1. 7 

til>roiis, 7 
gelatinous, 7 
muscular, 8 
iK'rvoiia, 8 
Titanophis, 500 
Toad, 485 

horned, 503 
mctamorphr^sis of, 477 
poison of, 475 
spade-footed, 484 
Toinocerus ])1iinibeuH, 364 
Torah shell, 257 
Torpedo marniorsilus, 422 
occidental is, 422 
'rortoise, 510 

Touch, organs of, in Crustacea, 201 
■<i‘s 270 

Toxodontia, 000, 620 
Tnichyniedusa*, <}2 
Trachystoinata, 478, 487 
Transmission, law of, 11 
TremahMles, structurr' of, 146, 163 
develo[)nnmt of, 147 
pupa of, 140 
Trichina spinilis, 160 
Trichocrjphalus dispar, 160 
O’rigla, 443 
TrigonocAJjdiulus, 40!) 

Trilobitu, young, 323 
Triinichuis, young <»f, 323 
3 Vi ton, 478 
Trivia ralifor/dca, 250 
'IVochiiaH colubris, 551 
Trochosj >1 1 <} r< • , 27 ^0 

of polyzoa, 186 
of worms, 147 
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Trochus, development of, 264 

Trout, 452 

Trunk fisb, 462 

Trygon, 424 

Tubularia, 60 

Tubipora, 85 

Tuuicata, development of, 203, 211 
structure of, 196, 215 
Turbellaria, 142, 162 
Turdus migratorius, 556 
Turkey, wild, 546 
Turtle, green, 510 
bawkbil), 510 
loggerhead, 510 
sea, 510 
snapping, 510 
soft- shell, 510 
swamp, anatomy of, 500 
tortoise Bhell, 510 
Tylenclms scandens, 170 
a’ylos, 806 

Typblocolax acuminata, 145 
Tyroglypbus saccliari, 800 

AUCTK’US, 80 

TTmbellularia greenlandica, 80 
Ungulata, 600, 629 
Unio complanatus, 244 
Urchins, sea, 117 
Urodela, 478, 484, 488 
Urolabes palustris, 170 
Ursus americanus, 610 
arctos, 610 
maritimus, 610 
Ur us, 012 
Uvella, 82 

Varan us, 504 
Variation of species, 672 
Veliger stage of molluscs, 252, 259, 
268, 266 

Velum of rotifers. 170, 178 
Venus mercenaria, 249 
Vermes, characters of, 138 
classification of, 238 
Vertebra. 895 


Vertebrata, characters of, 389 
classification of, 630 
brain of, 892 
ear of, 405 
eye of, 404 
hair of, 403 
limbs of, 396 
notochord of, 893 
scales of, 403 
skeleton of, 395 
skull of, 397 
teeth of, 401 

Vertebrates, relations of ascidianf. 
to, 207, 214 

molluscs to, 241 
worms to, 214, 219, 229 
Ve8i)ertilio subulatus, 591 
Vinegar worm, 170 
Viper, 499 
Vipern, 499 
Vitellogene, 147 
Viviparous fishes, 444 
reptiles, 495 
sea-urchins, 121, 122 
starfish, 110, 114 
Vorticella, 39 
Vulture, 548 

Walrus, 614 
Wapati, 608 
Wasp, 380 
Water bear, 301 
Water flea, 299 
Watering-pot shell, 250 
Wax wing, 555 
Whale, 591 

fishery, 594 
sperm, 593 
bone, 592 
white, 595 

Whale’s tongue worm, 219 
Whelk, 268 
White ant, 867 
Worms, 138 
flat, 141 
fluke, 146 



INDEX. 


719 


Worms, nemertean, 21G 
parasitic, 145, 146 
pliospborescent, 237 
round, 163' 
strobilation in, 144, 145 
tape, 153 
tiiread, 163 
trematode, 146 
Worm, whale’s tongue, 219 


Wren, 555 

I XiPHOSURA, 324 

Zeuglodon, 505 
Zoanthttriu, 79, 91 
Zoauiiius, 70 
Zoca, 313 

Zoogeography, 16, 658 
Zodids, 202. 210 
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